
































High output from low power — 


from sea level to 5000 feet 


— Holman portable 2-stage compressors 


On the seashore or five thousand feet up in the mountains — you'll 
still get the same high output from a Holman portable compressor. 
And at low cost, because the maximum volume of air is com- 
pressed for a given power. That’s one advantage of two-staging. 
There are others. Temperatures are lower, so a little oil goes a long 
way —carbon deposits are negligible, valves last longer and over- 
haul charges are considerably smaller. Friction is cut, too; stresses 
are reduced and so are the chances of breakdowns. 


A Holman portable compressor gives you great operating flexibility 
and cuts running cost. And it’s running cost that is the real cost of 
pneumatic equipment. Get a Holman and you've got the toughest 
most efficient and reliable money-saving air compressor you'll find 


Hire-purchase terms can be arranged. 


PNEUMATIC EQUIPMENT 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 





















The Holman Organisation is world-wide. It includes the Climax Rock Drill & Engineering Works Ltd., 
and has agents, branches and technical representatives throughout the United Kingdom and in 84 other countries, 


Celephone : Camborne 2275 (10 lines). Telegrams ; Airdrill, Telex, Camborne. London Office : 44 Brook Street 


Wd. 


Telephone: Hyde Park 9444 




















The increasing use of X-rays and radio-active 
materials in industry calls for more stringent 
precautions against radiation hazards. Philips, with 
their specialised knowledge and long experience, 
offer a comprehensive radiation protection service. 
In addition to consultations full facilities exist 

for the planning and equipping of complete X-ray 
departments with all necessary protective measures, 
as well as the revision of protection of 

existing departments. 


” , a dis , : PHILIPS 
For further information on the Radiation Protection Service 


offered without obligation by Philips please write to: 
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PROTECTION 


A complete 
service 

for Industry 
by 


PHILIPS 


Consultation - Planning 


Construction 


Special features of the service are: 


@ The supply of all types of protective media including lead, 
lead ply, Philitex blocks (barium sulphate), for use with 
normal building materials. 


@ Complete installation to specification by our own or the 
customer’s building contractor. 


@ The supply of protective doors, and advice on suitable 
electrical interlocks and other safety measures. 
@ The provision of special handling gear for X-ray equipment — 


this can be integrated with the design and protection of the 
X-ray department. 


PHILIPS ELECTRICAL LTD 


RESEARCH AND CONTROL INSTRUMENTS DIVISION 
Century House - Shaftesbury Avenue - London - W.C.2 


Telephone: GERrard 7777 
PRCO244) 
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VOKES Multiple 
Cyclone dust collector 


Vokes manufacture a wide range of filters for the 

collection of radioactive, dangerous, obnoxious or valuable 
dusts. This typical multiple Cyclone Dust Collector 

is designed for application on the CO, gas cooling circuit 
of nuclear reactors, operating under 

high temperature and high pressure conditions. These high 
efficiency Cyclones have many other applications, which our 


engineers will be pleased to discuss with you. 


VOKES LIMITED - GUILDFORD - SURREY 


Telephone : Guildford 62861 (6 lines Telegrams and Cables: Vokesacess, Guildford, Telex 
Telex : 13-535 Vokesacess. 
Pi ere "Scie ifice Filtr ; , —- 7 ~ 
ioneersof Scientific Filtration Vokes (Canada) Ltd. Toronto. Vokes Australia Pty. Ltd. Sydney. 





Represented throughout the World 
V 27! 


A2 
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This experimental unit is being used by Sunvic Controls Limited in the 
development of burst slug detection display equipment proposed for 
the Berkeley nuclear power station. Adapting digital computer tech- 
niques to conventional precipitator sampling units, it comprises 
arithmetical and memory facilities, 24-hours back readings always 
being available. As the equipment counts direct pulses, measuring 
accuracy is unaffected by calibration errors. Completely self-checking, 
it offers flexible programming facilities and individually adjustable 
channel alarm levels. No valves or moving parts are employed, except 


for the low-speed memory drum. (Patent applied for) 


Not only insbuiments but complete intbumentation 


for integrated monitoring, control and data handling of nuclear 
reactors and industrial processes. 





SUNVIC CONTROLS LIMITED, P.O. BOX 1, HARLOW, ESSEX TEL: HARLOW 24231/5 An A.E.I. Company 
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G. L. Willan Ltd. announce 
the installation of 


| technical developments especially in 
the fields of aeronautical, electronic and 


atomic engineering, have created a need for THE FIRST HF. 
alloy steels with specific properties at very 
high temperatures. Such alloys can often only 
be melted under special conditions. VACUUM ae 
high vacuum melting and pouring furnace. FURNACE 
The process enables steels of exceptionally ; 
high purity and low gas content to be made to operate TRAE LLY 
and it is expected that such steels will have . 8 

in Great Britain. 


wide applications and will create much 
interest in engineering circles. 


As a result of considerable research into 
the problems of producing such alloys, 
G. L. Willan Ltd. have installed their first 


G. L. Willan Ltd. invite enquiries from 
metallurgical engineers who require special 
steels with outstanding properties. They 
also offer a vacuum melting service for 

> customers who require experimental work 
carried out on their own alloys. 


G. L. WILLAN LTD. 


(Approved A.1I.D., D.1.Arm., A.R.B.) 
Steel Manufacturers 


Sussex Street, Sheffield 4. Tel: 24211 


WITH THE LID OFF 

Here is the interior of the furnace showing the large 
and small charging buckets, the melting crucible and 
the small additions feeder. 
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including 


SILICONES 


and 


P.T.F.E. 





DOWTY SEALS LIMITED 


ASHCHURCH 
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aeawFLO controls 


incl 








for positive and precise 





regulation of water, 


light oil or air flow 





. = | 
Miuilti-Constafio 








product of BIRFIELD 


Enquiries to: 


Ab 





for 





ite 
rates 
from 7-18 
Imperial 
g.p.m. 





CONSTAFL®S 
A flow volume con- 
trol to deliver one 
Set flow, regardless 
of variable et 
pressures. 


TRUFLO 
A control to protect 
equipment when flow 
is below a desired 
minimum; or above 
a desired maximum 


FLOMAX 
An electrically op 
ated valve for con- 
trolling On and Ort 
flow of liquids. 


water oe 


FLOMITE 
A direct action sole- 
noid valve for small 
flow volume control 


—_, 





ein 








The Multi-C onstaflo can 
Control is an entirely new 


concept of how to control 
and to maintain one set 











UY 


STRAITFLG 
A straight line strainer, installed 


rate of fluid flow regardless | in the supply, having the entire 
| Strainer area within the flow way 
itself. 


of variable inlet pressures. It is not just another retarding or 
pressure reducing device, but a true and accurate means of 
discharging a specific flow rate. The Multi-Constaflo Control 
makes it unnecessary to pay for inadequate and expensive 
pressure reducing and throttling devices that strangle or 
suppress the supply pressure, and which do not automatically 
adjust themselves to all the wide range of variable pressures 
that exist in the water distributions systems of to-day. 

The Multi-Constaflo is one of seven Birflo controls, each one 
designed to overcome a particular flow problem. 








FLOMETRIC 
An electrically oper 
ated valve, with flow 
volume control. 


Fully informative leaflets covering 
the whole range of **BIRFLO™ controls 


are available on request. 





Made under licence from the 
Hays Manufacturing Company, 


GROUP experience and resources 


Twelfth and Liberty Street, Erie 6, P.A. 


BIRFIELD INDUSTRIES LIMITED -STRATFORD HOUSE-LONDON w.i 
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Improved efficiency for 


NUGLEAR APPLICATIONS 
with CON- TEN 


FOR LOAD OF 


ree + © 


=" P 








»? 
CON-TEN CONSTANT TENSION SUPPORTS 
British Patent No. 474008. U.S.A. Patent No. 2! 29320. 


““Con-Ten ” Supports are specially designed to carry any type of load 
under constant tension, throughout the predetermined range 
of movement, for Nuclear and Conventional Power 
Stations, Chemical and Oil Refinery Plants, 
It is acknowledged as one which 
produces minimum friction and 

kinematic variation. ; 


CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. TEL: TIPTON 1222 





NUCLEAR POWER NOVEMBER 1957 aT 











€% . t a e To nuclear power generation Simon-Carves bring immense 


experience of major plant construction and civil engineering 


Atom 


and reinforced concrete design and construction, including nuclear reactor structures 



















for the fuel, electricity and heavy chemical industries, 
including the building of orthodox steam power stations 
for more than thirty years, 


In the building of nuclear power stations 





Simon-Carves assume responsibility for all civil engineering 


and biological shielding, and for complete heat-exchange 
steam-generating plant and water treatment systems. 
Simon-Carves are conducting continuous research, both in their own laboratories at Cheadle Heath 
and jointly with The General Electric Company at Erith, 
on the improvement of steam conditions resulting from improved reactor outputs, 
on the use of pre-stressed concrete in reactor structures and elsewhere, 
and on the safe disposal of radio-active waste. 
This work is playing an important part in the development 


of future advanced designs and in the reduction of cost per kilowatt. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION / Cheadle Heath, Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO, LTD 
THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD * JOHN MOWLEM & CO. LTD 
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SPECIAL STEELS 
FOR NUCLEAR POWER 


One of the 
most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated. 
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Hadfields have contributed in the provision of high quality F ae 


alloy steels to meet the demand of reactor designers and the 
“Era’”’ series of Boron Steels was developed to satisfy the special 
needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating “Era Boron 
Steels” and ‘‘Era H.L.C.”’ special Low Cobalt Stainless Steel. ‘Era 
H.L.C.”” Steel has also been used in the production of a number 
of other reactor components and is of the 188 Stabilised type. 









Pressure vessel and heat exchanger forged flanges are made in 
special ‘Era C.R.”’ and “Hecla” Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 

















See CE € FS 





HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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a Maximum efficiency and 

<e 4 7 7 ! fa a ir ¢ i | t er eee pressure nan are 
important characteristics 
of the FAR-AIR filter. 
Easily accessible and 
washable elements are used 
Their design is such that 
a Far-Air element 
20” x 20” x 2” will 
hold 25 oz. of 
solids of 
2°54 sp.g. 
INTERMIT LTD. has set 
up a nation-wide filter 





cleansing service to provide 
low-cost maintenance. 

An automatic 3-stage 
washer of FAR-AIR design 
is available for large 





installations, where the cost 


of a special machine 





is justified. 


revolutionary new filtration principles 


Rotonamic 


multiple-tube cyclonic air cleaner 


With extremely high 


' GaGaas Rog) ee 


efficiency on particles 
ater fay a + > + ll in the range below 5 

f microns, the ROTONAMIC 
multiple-tube cyclonic air 
cleaner is close to 100% 
efficient in the removal 
of larger particles. 
There are no moving parts, 


and the ROTONAMIC 








therefore needs no 


maintenance. Solids separated 





from the air are simply 


collected from a bin. 


FAR=-AIR LICENCED MANUFACTURERS FOR EUROPE 


INTERMIT LIMITED 


BRADFORD STREET + BIRMINGHAM 


Phone: Midland 7961 


tt 


ERR EZ 
product of Birfield Wess Group experience and resources 
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5 to 500 
TONS 


heavy lifting 
equipment 
of any capacity 


LET US SOLVE YOUR 
LIFTING PROBLEMS 


VA\VA Vee 
me 


SITE SUPERVISORY 
STAFF AVAILABLE 


LVAV AVA 
me XAXAXE 


| 


oe em am 
“ el 
wew.n DALAL Abdel 





Caswell derricks and winches at | 


Wilton Works of Messrs. 1.C.l. 





PAweAaware 











GROVE WORKS HAMMERSMITH LONDON W. 6 








NUCLEAR POWER NOVEMBER 1957 


Phor 


RIVERSIDE 8922, 5 


Ji Wi Ell Coane Eb rection Lid 


All 








Corner of shield built from bricks of the 
4” chevron type range showing window apertures 
and spherical seatings for remote handling gear. 









Wall composed of 4” 
standard chevron type bricks 


LEAD SHIELDING 


Some of the lead bricks we supplied to the 
United Kingdom Atomic Energy Authority 


are shown in these photographs. The people ASSOCIATED LEAD 


to consult about the production of special ——— 
ates 
(= > MANUFACTURERS LIMITED 





shapes for shielding are Associated Lead. 


IBEX HOUSE, MINORIES, LONDON, E.C.3. 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE, CHESTER 


Export enquiries to: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., IBEX HOUSE, MINORIES. LONDON, E.C.3 
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A COMPLETE PRECISION AND PROTOTYPE 


NUCLEAR ENGINEERING SERVICE 











Photo by courtesy of A.E.R.E 
A SUITE OF GLOVE BOXES FOR EXPERIMENTAL PRODUCTION OF U-233 METAL 















anti-vibration — balance, ——By —— > leaching 
eesti, seeenteatianien S— | machine @ Consulting @ High vacuum 
<a) ie drip engineers equipment 
— = ft Be 7 tray 
reactor 2\ é Als @ Designers and @ Electronic 
rotary Yost) \. ‘ Ly Lee manufacturers of engineers 
pump | ee, | Ch \ nuclear and specific 
u oC sci \ 
di : cooling rototype equip- -~ £ 
roeuum [ if — | “Sf ak, >/ | unit P ttt @ Radio frequency 
‘eer Fa : ‘a Zl hin ment ; 
union MZ crushing >ngineers 
- , Pp S* 35 ton unit engineers 
f, ; x <I press 
furnace r reactor @ Remote 
\ N\— cooler Sl ; 
Se Ao NK” reactor SCHEMATIC OF manipulation Pier nape 
SV ge | -frige P y 
] Z clamp THE GLOVE BOXES equipment refrigeration 
L a radiation shield 
NAS Soy m , @ Vacuum casting @ Installation 
rawing O1 
iD cooling NUCLEAR POWER equipment contractors 
unit 


ves WESTERN DETAIL MANUFACTURERS LID. 


WESTERN WORKS, STAPLE HILL, BRISTOL 
Tel: 65-5097 and 65-2825 


Cables and Telegrams: Aries, Bristol, England 
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Hinkley Point 


A GREAT STEP FORWARD... 
The 500,000 kilowatt atomic power station for the 
Central Electricity Authority at Hinkley Point, 
Somerset, will be built by the ENGLISH ELECTRIC, 
Bascock & WILCOx, TAYLOR Wooprow Group 
which has also been responsible for evolving, in 
association with the Central Electricity Authority, 
the advanced design of this new station. It is by far 
the largest atomic power station yet ordered by the 
Authority, and will be the largest in the world. 

It represents a momentous step forward in Britain’s 


ENGLISH 
ELECTRIC 


BABCOCK 
& WILCOX 


a= 


vitally important programme of atomic power 
development. 

The advance to a 500,000 kilowatt atomic power 
station, which approaches in capacity the largest of 
Britain’s modern power stations using conventional 
fuels, has been rapid. It is an impressive technical 
achievement involving far more than a simple increase 
in size, made possible by the ability of this team of 
famous engineers to draw upon a vast fund of design 
and constructional experience, working in full col- 
laboration with the Atomic Energy Authority. 


TAYLOR 
WOODROW 
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5 one 


is actively concerned in the supply of 
equipment and material with special 
application to the Nuclear Power Industry 


PRIMARY AND SECONDARY 
SURFACE HEAT EXCHANGERS 





He A first class Technical Advisory Service CONDENSERS 
supports the products of the Serck 
Organisation into which have been embodied AIR AND GAS COOLERS 


the intensive research and accumulated 


CONDENSER TUBES 


practical experience of thirty 
years and more. 


SERCK RADIATORS LIMITED 


SERCK TUBES LIMITED 
WARWICK ROAD, BIRMINGHAM, 11 
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An Improved 


Geiger Muller Tube 


for Beta Counting 





WINDOW DIAMETER x 


WINDOW DENSITY 1.5 to 2.5 mg/cm? 

WINDOW MATERIAL mica 

BACKGROUND COUNT 10 counts per minute in standard lead castles 
QUENCHING GAS Halogen 

ELECTRICAL LIFE Exceeds 10!° counts 


Research workers will readily appreciate the significance of the outstanding 
characteristics of the MX123. And this new Mullard Geiger Miiller Tube offers 

even more. It is produced to close manufacturing tolerances which means that it 

can be precisely mounted. Robustness is ensured by the use of a chrome iron 
envelope. The MX123 remains stable, even when operated continuously at maximum 
counting rates; and it has the outstanding insulation resistance of more than 

10'° ohms. For further information on the MX123, or details of the complete 
Mullard range of Geiger Miiller Tubes, please write to the address below. 

A team of specialists is at your disposal. 


Mullard 


a —— 





DY MULLARD LTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY - Telephone : Mitcham 347! 
MXR 502 


Alé 
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Shaping 
the Future 








Skill doesn’t come easily. It has taken more 
than 12 years of close association with 

the development of Atomic Energy for Marstons 

to build up the specialized technical knowledge 
they possess in this field. Marston Excelsior, 

from the start, have been among the foremost 
suppliers of specialized equipment to the U.K.A.E.A. 
— equipment for the first large-scale diffusion 
plant in this country; plate type fuel elements 

for the research reactors Dido, Lido and Dimple; 
stainless steel gas coolers for Calder Hall. It 

is this past experience that is helping Marstons 


to shape the future with such precision. 


MARSTON EXCELSIOR LIMITED 
Fordhouses, Wolverhampton 


(A subsidiary of Imperial Chemical Industries Limited) 


MAR. I93A 
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Artists in Ahoy Steel 
Castings 





® Carbon Steels 
®@ Stainless Steels 
©@ Heat Resisting Steels 


@ Corrosion Resisting Steels 


All castings can be machined 


in our modern machine shops 


ty, 


LAKE & ELLIOT, LTD - BRAINTREE - ESSEX 
Telephone: Braintree 1491 
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for a perfect compression joint in minutes... 
Simplifix takes all the bother out of pipe line assembly. 
Makes safe, leak-proof joints in a matter of seconds. No work 





to be done on the pipe ends beyond removing the burrs. * 
No distortion to the piping because a special anti-friction washer (J | 
prevents the pipe from twisting whilst the nut is being tightened. 

@ Note: Simplifix fittings can be used on very thin walled tubing. 


A full range of fittings, elbows, tees, crosses etc., is available and Cp 
illustrated in our catalogue which will be sent on request. 











SIMPLIFIX COUPLINGS LIMITED 
HARGRAVE ROAD + MAIDENHEAD - BERKS. TEL: MAIDENHEAD 2271/4 
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production engineers 
fully equipped for the manufacture of 


graphite components. 


fabricators of 
special equipment for the 
ATOMIC ENERGY AUTHORITY 








NEMO 


Hoon 
as 
If YOU have a special problem, apply to: Or 





Registered Office: 


j 1 Aircraft Division: 
29 ST. JAMES'S ST., GRAVINER MFG. CO., LTD., 


POYLE MILL WORKS, 
LONDON, $.W.1. Fareham Road, Gosport, Hants. COLNBROOK, BUCKS. 


Tel.: Whitehall 6478 Tel.: Gosport 89175 Tel.: Colnbrook 2345 


also specialists in Industrial Explosion Protection, Airborne Fire Protection Equipment, Thermostats and Overheat Switches. 
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Digital techniques in 
nuclear technology .. . 


With a nominal range of 3 microseconds to 1 second 
and an accuracy of + 1 microsecond, this equipment 
is of especial nucleonic application in the precise 
measurement of intervals between random pulses. It 
can be extended in range up to 100 hours by the 
addition of a mechanical 6-digit register. 


SA.45 MICROSECOND CHRONOMETER 














SA.46 DIGITAL DELAY GENERATOR 
The range of 14 Racal standard 


digital plug-in units is constantly Accurate determination and checking of time intervals 
increasing. If you are designing is simplified by the SA.46, which generates precision 
special-purpose scaling and delays between an externally or internally applied 
counting equipment, they offer . - 

; ; pulse in the range 3 microseconds to 1 second, with 
significant Savings in first cost 2 . = 2 
and subsequent maintenance an accuracy of | in 10*. Available in 4, 5 and 6-decade 

models. 





BRACKNELL - BERKSHIRE 
Telephone : BRACKNELL 941 

Cables/Grams : RACAL BRACKNELL BERKS 
North England Agent : 


Farnell Instruments Ltd., Hereford House, North 
Court, Vicar Lane, Leeds, 2. Tel: Leeds 32958. 





Scottish Agent: 
A. R. Bolton & Co., 3A St. Vincent Street, Edinburgh. 
Tel: 32035. 


New Scintillators from N. & T. 


NATON II A new plastic scintillator of extremely high 


ethciency, exc eptional optical clarity and short decay time. 











Three new 


In polyvinyl toluene base. 


Scintillators are 





N. II X-RAY A modified form of our ‘‘air equivalent” 


available from scintillator: (see British Journal of Radiology Vol. XXX, No. 350, 


PP- 103, 104, 109%). 


Nash and 





Thompson Ltd SCINTIPAKS Heat-sealed polythene envelopes con- 


taining highly purified powdered components, ready mixed in 
the correct proportions, for adding to toluene or xylene to 


make highly ethcient liquid scintillators. 


Oo 
Ig 





FOR FULL DETAILS WRITE TO Nash and Thompson LIMITED 


OAKCROFT ROAD *« CHESSINGTON * SURREY * ENGLAND * Tel: Elmbridge 5252 Pbx * Cables: *‘Nashton’ Chessington 


WHG NTS6 
A20 
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BRITISH OXYGEN serves the interests 
of nuclear progress and research— 


particularly in the field of 


ARGON WELDING 


ae British Oxygen Gases Limited, Industrial Division, Spencer House, 27 St. James’s Place, London, S.W.1. |] 
| 
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WORK HANDLING 
EQUIPMENT 


for welding 


OPERATOR’S PLATFORMS 
CYLINDER ROTATORS 
POWERED POSITIONERS 
Courtburn Variable Speed Positioners for circumferential CLAMPING MACHINES 
welds being constructed in our Bedford works 
WELDING PLATENS 
COMPLETE AUTOMATIC WELDING SCHEMES DESIGNED AND SUPPLIED 





Follow the example of dozens of the leading engineering firms—choose Courtburn equipment 


Catalogue gladly sent on request 


OURTBURN 


POSITIONERS LIMITED 





SALES DIVISION, GOLDINGTON BURY, BEDFORD 
Telephone: 4587-8-9 











TOOL AND ENGINEERING C0., (SURBITON) LTD. SURBITON, SURREY 


Telephone: Elmbridge 7261-2-3 


— 


Electro-Magnetic Pump 1” General Purpose Valve 


MANUFACTURERS AND DEVELOPMENT ENGINEERS 
FOR NUCLEAR POWER PROJECTS 


Pumps, Hi-Presflex Metallic Flexible Bellows and Valves manufactured for U.K. Atomic Energy Authority 
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Fabrications 

for 

NUCLEAR 
ENGINEERING 
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1S FABRICATORS to the United 
Kingdom Atomic Energy Authority 
Butterfields have recently supplied 
Irradiation Hood Tubes and Liners 
for the Atomic Power Stations at 
Calder Hall and Chapel Cross. 
Butterfield craftsmen work to the 
high standards demanded by the 
nature of this very important work 
fabricating in Stainless Steel, Mild 


Steel, Aluminium and other metals. 


ILLUSTRATED 


(left) Irradiation Hood Tubes & Liners 
in position during construction on 

the dome of Reactor No. 1 at Calder 
Hall *‘B’ Power Station 


(below) Component parts for Irradiation 
Tubes and Liners 





(left) Hood Tube Assembly undergoing 
alignment and accuracy testing in the 


workshops of W. P. Butterfield 


W. P. Butterfield Limited 
P.O. Box 38 Shipley Yorkshire Tel 52244 (8 lines) 


Branches 


LONDON Telephone HOLborn 2455 (4 lines) 
BIRMINGHAM Telephone EAS 0871 
BRISTOL Telephone 27905 

LIVERPOOL Telephone Central 0829 
MANCHESTER Telephone Blackfriars 9417 
NEWCASTLE-ON-TYNE Telephone 23823 
GLASGOW Telephone Central 7696 
BELFAST N.1. Telephone 57343 

DUBLIN Telephone 73475 & 79745 
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Sodium iodide with added thallium iodide is one of the most important phosphors for the detection and 
measurement of y-radiation. It has an energy-conversion efficiency higher than that of any other known 
material that can be grown into large single crystals and its uniformity is such that it can be used with a 
pulse height discriminator for y-ray spectrometry provided that adequate precautions are taken in the method 
of mounting and choice of multiplier. The resolution curve illustrated shows the rate of count against pulse 
height of a typical thallium-activated sodium iodide crystal using a 187Cs source. We can supply cylindrical 
crystals up to 4 in. in diameter and 3 in. thick, mounted or unmounted. 


For full details write for catalogue CH 326/NP11 


HILGER & WATTS LTD ° 


TEL: GUL 


98 ST PANCRAS WAY, LONDON, NWI ° 5636 


Type 1430A 





Pulse Amplifier, Type 1430A is a wide 
band linear amplifier comprising three 


<Cathode Follower 
H.F. Head Amplifier 


units designed for use with fast 
ionisation chambers, proportional 






and scintillation counters. 


\ SPECIFICATION : H.F. Head Amplifier ‘ . 





DYNATRON 





Main Amplifier 
Input: 100 ohms impedance. Negative polarity. 
Gain: Maximum 86dB. Coarse Control: —o to 


20dB. Fine Control: —o to 20dB in steps of 
2dB each. 


Integrating Time Constants: 0.08us to 8us in 
7 steps. 


Input: 10 megohms, ropf. 


Output: Designed to feed into 100 ohm matched 
cable. 


Gain: 31.5dB. 


Filter: E.H.T. Filter suitable for voltages up 
to 3kV. 


Cathode Follower 


Differentiating Time Constants: 0.08us to 8us x 
NUCLEONIC AND . in 7 atage plus 2gnpe etap. psa ati pie » 100 ohm matched 
ELECTRONIC DEPARTMENT | output: Positive sov. for 1% linearity. —- 
; Saturati ov. P 
Dynatron Radio Ltd., | ~ ed Response:{#-254B to1.4Mc/s. Insertion Loss: 23dB. 
Maidenhead, Berks. | : “13.25dB to 2.8 Mc/s. Filter: As in H.F. Head Amplifier. 


Scalers 


Pulse Generators 
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Pulse Analysers 


Power Units 


Probe Units 


Instrument Racks 


Pulse Amplifiers 





PA | 
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THE WORLD-WIDE-FAMOUS 
ERHARD 
SS a aS 


known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS 4 AW, 
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JOHANNES ERHARD H.WALDENMAIER ERBEN 


Suddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 





Telephone 388] Coble: Erhordaormaturen 


For all information write to 


The Sole Agents for the United Kingdom 


y A. K. STARCK’S CO. LTD. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 





1957 NUCLEAR POWER NOVEMBER 1957 A25 











ndustrial 


Have YOU considered the possi- 





bilities of Industrial Television 
in YOUR Company ? Wherever 
it is too difficult, too dangerous, 


or too expensive to use a human 





observer, there is a job for PYE 
Comers Industrial Television equipment. 
The basic equipment consists of 
the Camera, which can be sup- 
plied in a special housing to pro- 
tect it from dust, weather, intense 
heat, noise or shock, and the 


Control Unit and Monitor. It is 





inexpensive to buy, simple to 


levision 


install and operate, and the run- 


Control Unit 





ning costs are low. It is available 
for rental, too. 

Our Industrial Television Unit 
will be glad to advise you and 
arrange a demonstration. If this 
is successful, we will leave the 
equipment with you for 7 days 
so that you can prove its effi- 


ciency and value for yourself. 





This service is, of course, free 
14” Monitor 


and without any obligation. 


YOU 


High Energy Radiation 
Shielding Glasses 


Lead-Glass Blocks 

The usual thickness is 4 inches but greater thickness, up to 
9 inches in the case of type OW7 and up to 6} inches for 
927210 and OW8, can be supplied by special arrangement. 
The glass is stirred before casting: rectangular blocks can be 
supplied with ground and polished faces. These blocks are 
ideal for the smaller sized protective window and good 
visibility is obtained through several when used in series. 
The protective efficiency compared with that of lead is for 
radiation from a Cobalt 60 source. 


Total visible 











Glass Refractive Density Lead transmission Maximum 
type index(d) grammes equiva- for thickness volume afte 
per cc lent grinding and 
i 4” polishing 
Ow7 1.70 4.3 0.38 79% 59% | 1300 cu. ins 
(stabilised) 
927210 1.93 6.1 0.54 73% 56% 550 cu. ins 
ows 1.93 6.1 0.54 49% zyx 550 cu. ins 
(stabilised) 


(Stabilised glasses are resistant to darkening under the influence of 
high energy radiation.) 





Shielding Glass in Polished Plate Form 


The standard thickness is | inch and sizes up to 1 square 
metre in area can be supplied. The required window thick- 
ness is obtained by building the glass, in layers, in a suitable 
framing. Thus 30 pieces of the lower density glass will pro- 
vide a window of the same thickness and protective 
efficiency as 30 inches of ordinary concrete: the denser glass 
is used for windows arranged in denser biological shielding 
walls. The lower density glass is also used for transparent 
boundary walls of zinc bromide cells: stabilised glass for 
the outer boundary. 








PYE LIMITED, 

INDUSTRIAL TELEVISION DIVISION 
98, Highbury New Park, London, N.5 
Telephones: CANonbury 3215, 5271. 














Glass types Refractive Density Lead equivalent 
index grammes per cc 

Lime Soda 1.52 y a 0.22 

(stabilised) 

Lime Soda 1.52 2.5 0.22 

(unstabilised) 

EDF Lead Plate 1.70 4.3 0.38 


Please write for literature giving full technical details to:— 


CHANCE-PILKINGTON 
OPTICAL WORKS 


PILKINGTON BROTHERS LIMITED 
GLASCOED ROAD, ST ASAPH, FLINTSHIRE 


mG: 
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In the construction of the Fast Breeder Reactor at the 
atomic power station at Dounreay, ‘ROCKSIL’ is the chosen 
insulator. “ROCKSIL’ is being used for the insulation 

of the main and auxiliary equipment including heat exchangers, 
tanks and piping. The installation is being carried out by 
William Kenyon & Sons Limited, who obtained the contract. 


Dounreay uses ROCKSIL. 


ROCK WOOL INSULATION 


ROCKSIL’ is the latest synthetic inorganic fibre, produced in 

Britain from natural Scottish Rock. The basis of all 

Rocksil Insulation is a white fleecy wool—a low-density, resilient 

mass of long siliceous fibres consisting of up to 95% of air by 

volume. Besides being a highly efficient insulator throughout all 
temperature ranges up to 1400°F., ‘ROCKSIL’ is fire resistant, 
chemically inert and sulphur-free, non-hygroscopic, odourless and rot- 
proof; it does not contain glass or slag. It is available in a 

variety of forms, such as loose wool or fabricated products, 





to suit every application requirement. 


Write for literature and all further details to the manufacturers: 
THE CAPE ASBESTOS COMPANY LIMITED, 114 & 116, Park Street, London, W.1!. Tel: Grosvenor 6022. 
and at Glasgow: 217, Bothwell Street, Glasgow. Telephone: Certral 2175. 
Manchester: National Buildings, St. Mary's Parsonage, Manchester, 3. Telephone: Deansgate 6016-7-8. 


Birmingham: |1, Waterloo Street, Birmingham, 2. Telephone: Midland 6565-6-7. 
Newcastle: 19/20, Exchange Buildings, Newcastle. Telephone: Newcastle 20488, 


also distributed by: WILLIAM KENYON & SONS LTD., Dukinfield, Cheshire. Telephone: Ashton-under-Lyne 1614. 
TA10262 
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Oleum (A// Strengths), Sulphuric, 
Battery, Hydrochloric, Nitric, 
Dipping and Mixed 
also 
Distilled Water (Pure) 





HHH 


IM HHI wi tt! 


IN ALL STRENGTHS : 


SPENCER T 
CHAPMAN | 
& MESSEL LID 


45 Park Lane, London, W1 


{|| eres 








TAA 


itt 

FOR ALL PURPOSES 
IN ANY QUANTITY 

FOR HOME & EXPORT MARKETS | 

Leetiitninuy 1| 

a 


SCIENTIFICALLY PACKED FOR 
TRANSPORT—ANY WHERE 
in 
Glass Bottles and Stone Jars 
(1 to 4 Ibs.) (1 to 4 gallons) 
(10 to 14 gallons) 
(1 to 10 cwt.) 


Carboys 
Steel 


Drums 









nT HNN "Wy 1H) 


ii 


i 


Works - Silvertown, E 16 
Telephone - - - GRO 43 
Telegrams Hydrochloric, Audley, Londo: 
Cables - - - Hydrochloric, London 
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the highest chemical resistance 


High Temperature Stoving Type 
' An enamel with the highest 
possible resistance to chemicals 
including alkalies, acids, oils, 
spirits, boiling water and hot 
aqueous solutions. No other know 
film has the same properties 
These medium gloss finishes have 
exceptionally good adhesion 
and flexibility. 


Medium Temperature Stoving Type 
The resistance of this enamel to 
chemicals, water and spirits is 
almost equal to that of the high 
stoving type, but it gives a much 
higher gloss and is therefore the 
best possible choice where both a 
good gloss and a high chemical 
resistance are required. 
Catalysed Air Drying Type 
Resistance to chemicals is 
unequalled by any conventional 
air drying product, and the tough 
flexible film is outstanding for 
durability on exterior or 
interior wood or metal. As a 
clear finish for woodwork the 
high gloss surface resists spirits 
and hot liquids, and is invaluable 
for tables, bar counters, etc. 


--4 


Write for details to 
NORTH BRITISH CHEMICAL CO LTD 
(Paints Division) Droylsden Manchester 
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RAWLPLUG FIXING DEVICES 


FOR SPEEDY FIXING IN ANY MATERIAL 


No more trouble or costly delay because the material was ‘difficult’! 


Whether it’s concrete or plastic, breeze or sheet metal, cavity 


brick or lath and plaster, there’s a Rawlplug Fixing Device that 


makes firm screw or bolt fixings quickly, easily and economically. 


The speedy answer to every fixing problem is one or other 


of the 21 different types of Rawlplug Fixing Devices. 


Write for illustrated brochure. 








Use the famous RAWLPLUG for 
neat, firm fixingsin brick, stone, 
etc. All sizes up to 3” diameter 
Coach Screws. Rawlplugs are 
waterproof and unaffected by 
climatic conditions. 


 Serew Fixings 


























For bolting down machines, use 
RAWLBOLTS, a dry fixing that 
grips by expansion. No cold 
chiselling, no waiting for cement 
to harden. Sizes up to 1” bolt 
diameter. 


Rawlplug WHITE BRONZE PLUGS 
are specially suitable when the 
fixing is subject to very high 
temperatures, such as the outer 
brick coverings of furnaces. Use 
also for under-water fixtures. 


























Screwed up from the front the 
amazing RAWLNUT forms its 
own rivet head behind the 
material—airtight, watertight, 
vibration-proof, squeak-proof ! 
For all thin or hollow materials. 





Use Rawliplug BOLT ANCHORS 
for bolting down in extremely 
wet or corrosive situations. 
Caulking completely seals 
the anchorage. Use also for 
anchoring Diesel Generators, 
Power Hammers, etc. 























For ceilings of lath and plaster, 
plasterboard, etc., use Rawiplug 
SPRING TOGGLES. The inserted 
Toggle springs open behind the 
material, spreading the load over 
a wide area. 





8559 
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FIXING DEVICES 














diffrent types of firing dovieer for Speed. and Strength 


Made by THE RAWLPLUG CO. LTD., CROMWELL ROAD, LONDON, S.W.7 
The World’s largest Manufacturers of Fixing Devices. 
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For many years Lawrie’s have been producing 

fabricated pipework to critical B.S. standards for 
industrial and marine applications, and to A.P.I. 
standards for petroleum refineries. Add to this the fact 
that all Lawrie’s welding is approved by Lloyd’s—and 
other major inspecting authorities—and you will see why 
this Clydebank firm is noted for consistent top 

quality pipework, The stimulus of continually working to 
these exacting requirements places Lawrie’s in an 
enviable position for meeting the hypercritical standards 
that can be anticipated in the Nuclear Age. 

Indeed, Lawrie’s are already on the approved list of 
pipework contractors to the U.K, Atomic 


Energy Authority. 


PUT YOUR PIPEWORK PROBLEM TO LAWRIE 


Jj. & T. LAWRIE LIMITED 


LIVINGSTONE STREET - CLYDEBANK - SCOTLAND 
TELEPHONE CLYDEBANK 2171/23 


LONDON OFFICE: 34 VICTORIA STREET, S.W.1. TELEPHONE: ABBey 4937 & 1847 
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% Modern Welding plant, X-Ray equipment and machine shop. 
¥* Fabrication in mild steel, stainless steel or aluminium. 
% Design and drawing office facilities, with a fund of experience. 


%*% Technical Representatives throughout the United Kingdom. 


THE AYRSHIRE DOCKYARD CO. LTD. 
IRVINE Telephone : Irvine 2271/3 


London office: 47 Victoria Street, London, S.W.1 
Telephone: ABBey 5521 
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at London Airport 
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MIATA AA A oe 
of 
wandsworth 


WANDLESIDE CABLE WORKS LTD. * 106 GARRATT LANE 
Telephone: BATtersea 2273-4 


Telegrams: “* Wandleside, London” 


LONDON OFFICE: 21 Fitzroy St., London, W.!. BELFAST OFFICE: Dublin Rd., 





ARMOURED 
CABLE 


RSS 


i 





Illustration shows ‘‘ CORRUSTEEL’’ Armoured 
Cable in the Main Feeder Trunking at London 
Airport’s new building. Electrical Contractors, 
The L.E.B. Contracting Section, Chelsea Manor 
Street, S.W.3 












D 
< 

BRITISH " 

« MADE e 


P18, 


Belfast, N. Ireland. BRADFORD OFFICE: 19 Union St., Bradford, Yorks 


WANDSWORTH LONDON - S.W.18 


One of FALKS Group. 
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You can rely on a 


(The BEST ware prusn iw THE worLD | 


TRADE MARK 











Manufactured by 


GEM BRUSHES (LUSON) LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.10. Tel.: ELGar 7251 (5 lines) 
ROTARY POLISHING & LATHE BRUSH DIVISION, KINGSWOOD MANUFACTURING CO., LTD. 








sure Ym 2 qilter 
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E’S A BIG BOY, the whale, and when he 
H wants a drink he wants half an ocean. 
But he doesn’t want all the fish that try to 
come in too. How would you like goldfish 
trying to travel down with the punch? So he 
filters them out by passing his Neptune bitter 
through an inbuilt ‘tache—a filter of fibrous 
growths which keeps all the would-be Jonahs 
on the outside. 

It didn’t take Heather Filters a whale of a 
long time to prove that this was an amazingly — 
simple and efficient form of filtration for air, 
too. Intermingling hairs which require no PP) Mul yy 
messy fluids and which can be cleaned by a MW, 1, yf W/V ij Wi 
simple motion enable Heather Filters to last V 


a lifetime as a most efficient means of cleaning << er 
air. We'd be glad to listen if you'd care to <a 
spout about your air filtration problems. 

EVRA ELAS ALLA RS LUMA RD 


28 ST. JAMES’S PLACE, LONDON, S.W.I. HYDE PARK 7588 
HF.7 
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STEEL TUBES 
AND MANIPULATED PIPEWORK 
FOR NUCLEAR POWER STATIONS 


aii 


Manipulated high pressure pipework being assembled at Stewarts and Lloyds’ 
Tollcross works. The branch pipe on the marking-off table in the 


foreground is for Chapelcross nuclear power station. 


Stewarts and Lloyds have already contributed substantially 
to the construction of Britain’s new nuclear power stations, 
in which large quantities of steel tubes and manipulated 
pipework are required. 


Contracts in hand include material to be supplied to all 
nuclear pow er stations now under construction. 


Stewarts and Lloyds design, manufacture and_ install 
pipework for all types of seucheastevial plants. 


STEWARTS AND LLOYDS 


LIMITED 
GLASGOW - BIRMINGHAM - LONDON 


The largest manufacturers of steel tubes in Europe 
cq ‘ és 
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Turbo -feed Pumps 


are unsurpassed in reliability and are designed to operate 





in parallel with electrofeeders or other turbo-feed pumps having a falling pressure- 
capacity characteristic. 
When used as a stand-by pump the Weir cut-in gear automatically brings the 


turbo-feed pump into immediate operation in the event of electrofeeder failure. 


PRODUCTS INCLUDE 
FEED HEATERS 
DE-AERATORS 
FEED REGULATORS 


REGENERATIVE CONDENSERS PAD B. wil = , r 
EVAPORATING & DISTILLING PLANTS CATHCART. GLASGOW 
OIL FUEL PUMPS - 


etc. 
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FILTERS 


i 


AIR FILTERS 





FANS 


THAT THINK 


FOR THEMSELVES 


DUST COLLECTORS - AIR CONDITIONERS 


Penge) FP wale). Bil mime 7 Vale), | 


Filter maintenance is a thing of the past with 


an oe 


our range of self-maintaining filters. Once 
installed, they work automatically and need 
little more than routine inspection at infrequent 


a i) 


intervals. May we send you full details ? 





ROLL-O-MATIC ROLLOTRON 


(World Patents Pending) 


MULTI-DUTY CYCOIL Type P 


A self-maintaining 
filter witha 
renewable 

curtain of 

bonded glass 

fibre 








A unique com- 
bination of high 
efficiency elec- 
trostatic preci- 
pitation and 
automatic re- 
newing media. 








An original design 
of positive self- 
cleaning viscous 
impingement 
filter. 








A compact filter 
combining centri- 
fugal separation and 
viscous impingement; 
specially developed 
for air compressors 
and large diesel 
engines. 















AIR CONDITIONERS 





1] 
litt 








LONDON : BIRMINGHAM : MANCHESTER : NEWCASTLE ‘GLASGOW 


Air Control Installations Ltd are the sole manufacturing licensees in 
Great Britain for products of the American Air Filter Co., Inc. 


AIR CONTROL 


INSTALLATIONS LIMITED 


RUISLIP - MIDDLESEX : RUISLIP 4066 







DUST COLLECTORS 


FILTERS 


“ 
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Light Series Universal Joints are available in 

special designs for aircraft use, made in light 
alloy to Spec. L.40 anodised, with hardened ground 
steel trunnion pins, cadmium plated. They are 
designed with shank diameters to suit bore of stand- 
ard aircraft tube and will withstand moderate ten- 
sion or compression loads. Made in a wide range of 
sizes, they can be supplied with covers as required. 





| | | i angular motion faithfully transmitted 










































































Patent Universal ball 

® Joint combines high 

STEEL FABRICATORS load capacity, simplicity of 

design and 92-98%. efficiency. 
(N.P.L. certified.) 





Hooke’s Type Universal joint 
is suitable for high speeds 


DESIGN AND DEVELOPMENT and is inexpensive to fit. 


Grease Retaining 
Covers are available for 


« BROCHURE ON REQU EST all types and sizes of joints. 


Pp . & L . M I L L E R L T D | Air Ministry Gauge Test House Authority 89755/31 


HENEAGE STREET, LONDON, E.I THE MOLLART ENGINEERING CO. LTD. 


TELEPHONE: BiShopsgate 7314 (5 lines) KINGSTON BY-PASS - SURBITON - SURREY - ENGLAND 
TELEPHONE : ELMBRIDGE 0033-7 (5 lines) TELEGRAMS: PRECISION, SURBITON 


* 
* SPECIAL PURPOSE PLANT 
* 
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STANDBY GENERATING SETS per ‘ _ | 


with automatic starting 


FOR ATOMIC POWER STATIONS 










































Within a few seconds of receiving the 
starting signal and without manual attendance, 

these Mirrlees oil-engine sets will carry full load, providing 

a reliable auxiliary and standby supply for atomic power stations 
and other installations where it is essential to forestall 
breakdowns and serious loss due to 

cessation of mains power supply. 








The Mirrlees J and JV Types of engine cover a 
comprehensive series including 3, 4, 5, 6 and 8-cylinder in-line 
H engines and 12 and 16-cylinder vee-form engines. 
€ rese i $ All can be offered in naturally aspirated or turbocharged form, 
the latter with or without air aftercoolers. The power 
range extends from the 210 BHP J3 three-cylinder 
naturally aspirated up to the 2272 BHP JVSS16 
sixteen-cylinder turbocharged engine with air aftercooler. 



















IRRLEES, BICKERTON AND DAY LIMITED 


iZEL GROVE : STOCKPORT +: CHESHIRE 
A member of the BRUSH Group 
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Light Series Universal Joints are available in 
special designs for aircraft use, made in light 





| | Ih" angular motion faithfully transmitted 


|| | alloy to Spec. L.40 anodised, with hardened ground 
| ! steel trunnion pins, cadmium plated. They are 
designed with shank diameters to suit bore of stand- 
ard aircraft tube and will withstand moderate ten- 
sion or compression loads. Made in a wide range of 
sizes, they can be supplied with covers as required. 










































































Patent Universal ball 

ey Joint combines high 

STEEL FABRICATORS load capacity, simplicity of 

design and 92-98%, efficiency. 
(N.P.L. certified.) 





Hooke’s Type Universal joint 
is suitable for high speeds 


* 
» SPECIAL PURPOSE PLANT 
& DESIGN AND DEVELOPMENT and is inexpensive to fit. 


Grease Retaining 
Covers are available for 
® BROCHURE ON REQU EST all types and sizes of joints. 





P . & L * M I L L E R L ry D | Air Ministry Gauge Test House Authority 89755/31 


HENEAGE STREET, LONDON, E.! THE MOLLART ENGINEERING CO. LTD. 


TELEPHONE: BiShopsgate 7314 (5 lines) KINGSTON BY-PASS - SURBITON - SURREY - ENGLAND 
TELEPHONE : ELMBRIDGE 0033-7 (5 lines) TELEGRAMS: PRECISION, SURBITON 
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STANDBY GENERATING SETS po pt Oh 


with automatic starting 


FOR ATOMIC POWER STATIONS 









































Within a few seconds of receiving the 
starting signal and without manual attendance, 

these Mirrlees oil-engine sets will carry full load, providing 

a reliable auxiliary and standby supply for atomic power stations 
and other installations where it is essential to forestall 
breakdowns and serious loss due to 

cessation of mains power supply. 








The Mirrlees J and JV Types of engine cover a 
comprehensive series including 3, 4, 5, 6 and 8-cylinder in-line 
r engines and 12 and 16-cylinder vee-form engines. 
a rese t s All can be offered in naturally aspirated or turbocharged form, 
the latter with or without air aftercoolers. The power 
range extends from the 210 BHP J3 three-cylinder 
naturally aspirated up to the 2272 BHP JVSS16 
sixteen-cylinder turbocharged engine with air aftercooler. 
















RRLEES, BICKERTON AND DAY LIMITED 


ZEL GROVE : STOCKPORT +: CHESHIRE 
A member of the BRUSH Group 










Reaction 
Tank 





FROM }” MILD STEEL PLATE 


14° 6" DIAMETER 20’ HIGH 


WEIGHT 10 TONS 


METAL PLATEWORKERS 
ENGINEERS 
AND 


CONTRACTORS 


EDWARD FARR LIMITED 


REGISTERED OFFICE : 
NAPIER WORKS LONDON 
PHONE : GRANGEWOOD 3431/2/3 


BRIDGE WORKS, WICKFORD, ESSEX 
PHONE: WICKFORD 2380 


E 6 














DEPENDABLE 
RELAY CO. 


a 
F ames 


(Gm 


DEPENDABLE 
AUTOMATION 










STANDARD SELF-CONTAINED 


LIQUID AND GRAIN 
LEVEL CONTROL 

TEMPERATURE AND 
FURNACE CONTROL 


WY 


\ 
ANU UT 








@ Full-scale drive 3 sec. 
chassis @ Black ebony finish | 
@ Research, industrial and medi 


@“ Plug in” 


Manufactured to your specification to A.I.D. and |.E.M.E. Z 
standards. Z 
CONTROL UNITS Z COILS up to 80,0002. CONTACTS up to 8 amp. Z 
ZZ \NSULATION up to 5 kv. Prototypes 7-14 days. Z 
FOR ZY PROMPT DELIVERY — PROMPT QUOTATIONS Z 
Z SIEMENS high-speed types also supplied. Z 
Z Specialists in tropicalisation. Transistorised relays. Z 
® PRODUCTION CONTROL Z Contractors to leading manufacturers, P.O. and Govt. Depts. ZW 
® COUNTING Z, - - 
® BATCH WORK QZ 
© PROGRESS 
© TIMING | DEPENDABLE ELECTRONIC RECORDER 
| 
© SWITCHING | @ Continuous Strip Chart @5in. graph @ 3 speeds 
© POWER HANDLING @ Power driven pen. @ Immediate starting torque 
’ oscillator 


nstrument Case. 
cal applications. 





‘Phone: LANgham 7391/2 ‘ 






NEAR GOOODCGE 
ST. STA TION) 
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RADIO ACTIVE DUST 





a minor problem 


Mancuna have spent two years in the laboratory producing 


and perfecting a mechanical collector capable of meeting the 


stringent requirements of nuclear power stations. 


DUST COLLECTORS FOR 
co, BY PASS CIRCUIT 
CO, RELIEF VALVE DISCHARGE 


CO, BLOW DOWN & SLACK COLLECTORS 
CoO, DRIERS 


AIR FILTERS FOR THERMAL COOLING 


THD ah TAC UE FD aw : ENGINEERING LTD. DENTON, MANCHESTER 


Phone : DENTON 3965 (5 lines) 


59 VICTORIA ROAD, SURBITON, SURREY. Phone: Elmbridge 9793 
HEATING - VENTILATING - FILTRATION - AIR CONDITIONING - HUMIDITY CONTROL - ETC. 
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Aeronautical engineering is an excellent 
| school for nuclear engineering. That is the reason for 
| this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 
Our machine tools and their highly skilled operators are 
now tackling a wide variety of engineering problems. 


We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 


BAGINTON, NR. COVENTRY. TOLLBAR 2261. 















Equip with KING DICK 


Precision-made under carefully con- 
trolled conditions, KING DICK 
Hand Tools set a superlative standard 
for Heavy Engineering work. 


Please send for fully illustrated cata- 
logue which will give you complete 
details of our range of hand tools. 


BUY BRITISH! 


WAKE LIGHT OF THA > 


Heavy Duly 





























RING PODGER 

SPANNERS 
A heavy duty tool supplied 
in all sizes to meet your require 
mente 


VPEN-ENDED PODGERS 
In B.S., B.S.W., American A F 
and Unified Hex. sizes. 


SLOGGING RING 
SPANNERS 
Available in B.S. Whitworth, 
American A/F and Unified Hex. 
Sizes to suit all requirements. 


SLOGGING RING 

SPANNER 
In B.S., B.S.W., American A, F 
and Unified Hex. sizes. 


FLAT 7} 


PODGER-ENDED SOLID 
OX SPANNERS 

In B.S., B.S.W., American 
aa A, F and Unified Hex. sizes 


HEAVY DUTY RING 

SPANNERS 
A formidable tool when 
used in conjunction with 
our special tubular handles. 


<p 


DOUBLE OFF-SET 
RING SPANNERS 
Forged in Chrome 
Vanadium Steel to 
withstand the 
hardest work. 
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HAND TOOLS 


ABINGDON WORKS 
TYSELEY 





Aa40 





KING’S ROAD 
BIRMINGHAM 


POWER 
OPERATED 
SOCKETS 

For assembly lines, 
heavy engineering and Hicycle 
Tools. In #”, $”, 3”, 1", 14", and 24” 
Square Drive. 
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THE BLOWER 


To maintain the output of a gas- 
cooled nuclear power station at the 
required level it is essential to supply 
an adequate flow of coolant gas past 
the uranium fuel elements. This in 
itself requires power, which reduces 
that available for distribution. One of 
the design problems is thus to obtain 
an adequate flow of coolant with the 
least possible expenditure of power. 

For the power station now being built 
by the G.E.C. at Hunterston a radial- 
flow impeller with backward-curving 
vanes, of a type that has proved satis- 
factory in many existing applications, 


THE GENERAL ELECTRIC COMPANY LTD., MAGNET HOUSE, 
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will be used. A one-third scale model 
of the Hunterston gas-circulator and 
casing is being used in the laboratories 
of the G.E.C. Atomic Energy Division 
to provide data relating gas pressures 
and temperatures to the power ab- 
sorbed. The results obtained will be 
incorporated in the final design to 
ensure the best possible performance 
of the system while taking every ad- 





vantage of existing features of the 
radial-flow machine. In the course 
of these tests, conditions of pressure, 
temperature, and flow, not met with 
before in industrial applications, are 
being investigated. 

This is another of the ways in which 
the safety, reliability and economy of 
G.E.C. nuclear power stations are 
being ensured. 


Atomic Energ y Division 


KINGSWAY, LONDON, W.C.2 








‘BOBY’ Deaerators and Chemical 
Conditioning Equipment have been 


installed or are on order 






for 


CALDER HALL WATE R 


CHAPEL CROSS 
BRADWELL 


WILLIAM BOBY & CO. LTD TR EATM ENT 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND 


Telephone: Rickmansworth 4251 * 
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BRITISH MATERIAL ONLY 
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CONCRETE CURING 










Approved and supplied to 
Bradwell and Berkeley 


| 
| 
| Nuclear Power Stations 





STUART B. DICKENS LIMITED 


Manor Way, Boreham Wood, Herts. 
Telephone: Elstree 22I1 


South African Office : P.O. Box 2444. Johannesburg. Elizabeth House, 


Cnr. Pritchard and Sauer Streets. Telephone: Johannesburg 34 - 433. 
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TALBOT 





Ji ) 
limm will grow up and in due course 


hand on—very reluctantly —his 00 gauge equipment. 


But before his own son in turn becomes engrossed with model railways, 


Jimmy himself will see great changes. 
K:ver-increasing outputs of electricity from atomic power stations 
will transform the contemporary scene, 


o and domestic smoke 


P 


dispelling fo 
and bringing cleaner cities and brighter homes. 

Manual workers and housewives alike 

will benefit from more power at their elbows. 

But before these things come to pass, 

an enormous amount of exacting work remains to be done 


planning 


-? 


designing, calculating and testing — 
much of it breaking entirely fresh technical ground, 
‘Talbot Stead’s part in this great enterprise 

is to make stainless and carbon steel tubes 

in large quantities and to exact dimensions; 

tubes made to standards of almost surgical cleanliness; 

tubes manipulated to the closest specifications. 

\ll this is work which Talbot Stead, both by tradition 

and technical development, are eminently capable of doing. 
They are specialists in the production and manipulation of tubes 
and this specialised knowledge is freely at the disposal 


of all concerned with the development of nuclear power. 


STEAD rTUBE CO. LTD - GREEN LANE - WALS 
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Talbot Stead ruses ror atomic ENERGY 


Talbot Stead are proud to announce that they have been awarded contracts by 


C. 4. Parsons & Co. Ltd. to supply the following reactor components for the 
Bradwell Nuclear Power Station: Short Charge Plugs, Absorber Rods, Fuel 


Element Support Assemblies, Control Rod Standpipe Plug Assemblies, Control 


Rods, Control Rod Standpipes, Charging Standpipes, Neutron Source Assemblies. 


The first commercial production in this country of neutron source tubes (which 


will start up the two reactors at the Bradwell Nuclear Power Station) is being 
undertaken by Talbot Stead on behalf of the Nuclear Power Plant Company Ltd, 


MANUFACTURERS OF: ¢ ARRON, ALLOY AND STAINLESS STEEL TUBES BI-METAL TUBES + “‘METICA’ METAL CLAD CARBON AND GRAPHITE TUBES 
MACHINED FLANGES AND 


COMPONENT PARTS “FORJEND STAINLESS WELDING FITTINGS 


+ “METIOR’ SANITARY PIPE FITTINGS 
CARBON, ALLOY AND STAINLESS DRAWN AND GROUND BARS AND WIRE 


maw 15 
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research 
continues 


Shell’s leadership in lubrication is based on con- 




















tinuous progressive research, the kind carried on 
at their Research Centre at Thornton-le-Moors, 
Cheshire since 1941, by a staff which today 
numbers nearly 900. 

Engineers, metallurgists, chemists, physicists 
and statisticians are employed directly on research 
projects, pre-eminent among which are _ lubri- 
cating oils for engines and industry generally. 

It was at Thornton that Shell, using their own 
cobalt sources of irradiation, developed their range 
of Atomic Power Lubricants* for Calder Hall. 

The new C.E.A. Nuclear Energy Power 
Station at Bradwell is furthering the practical 
experience gained at Calder Hall. Meantime, at 
Thornton, research continues. 





The Shell A.P.L. range is further proof of Leadership in Lubrication. 
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IT IS NOT GIVEN to many new magazines to 
reach 300°, of their initial hopes and expecta- 
tions within 18 months. Yet this is almost 
exactly what has happened to NUCLEAR 
POWER. We dared to believe 2,500 of you 
would see and read NUCLEAR POWER after 
12 months—we thought we might carry 30 pages 
of advertising. But the facts are: nearly 7,000 
readers with as many as nine people seeing each 
copy, and advertising at (last month) 145 pages 
A few days ago we sat down round our 
Managing Director’s desk to have a sentimental 
journey back over the 18 months of NUCLEAR 
POWER life. We came to one immodest con- 
clusion—that it was not just luck that had 
brought us to this bright pass—but a great deal 
of hard and hectic work; and above all, a fine 
magazine. 

As we talked we doodled some of the highlights 
on the corner of the blotting pad. We would 
like you to share this moment of enthusiasm 
and pride. It went something like this :— 

1. First issue editorial leader (May 1956) 
quoted verbatim by Admiral Strauss before 
the US Joint Committee on Atomic Energy 

2. The same editorial quoted at length by 
the American news magazine, Time (cir- 
culation 6,450,000) 

3. Time (july 23, 1956) again quotes and 
comments at length on our article by 
Prof Frisch on the anti-proton discovery 

4. London's ‘ Evening Standard’ agrees with 
our comparison (Feb 1957) between Lord 
Mills and their own dynamic Beaverbrook 

5. Our spectacular coloured drawing of 
Dounreay (June 1957) officially sponsored 
by the UK Atomic Energy Authority 

6. July: The Central Office of Information 
order substantial quantities of our big 
colour reactor drawings for official display 
in the British Embassies and Consulates 
throughout the world 

7. Among many editorial ‘ firsts’ came July 
with a world scoop, and first details of the 
Dounreay fast reactor fuel elements 

8. With the September issue there was the 
important big coloured drawings of 
Mitchell-AMF’s German RWE plant 

Now comes news of our annual, the NUCLEAR 
POWER YEAR BOOK, being presented in Bom- 
bay by the Federation of British Industries to 
Mr Chavan, Bombay’s Chief Minister, and to 
Dr Homi Bhabha, head of the Indian Atomic 
Energy Authority (see picture, Worldview). Dr 
Bhabha told our reporter he was delighted with 
the accuracy of the section on India. And so it 
is that the long arm of NUCLEAR POWER’S 
staff reaches diligently into every nuclear 
corner of the world to bring you the latest news. 
But gains cannot be made all the time; we have 
lost one reader. A Russian gentleman named 
Georgi Malenkov does not answer his subscrip- 
tion reminder. The news editor has just re- 
minded us that he’s been given another job. 
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UCLEAR ENGINEERING cannot tolerate faulty 
design or ill-chosen materials. Every inch of a 
plant that houses such enormous energy has 
to be designed and constructed to highly critical specifications. 


That is why such contracts go only to the cream of industry. 


For this reason we at the Darlington Insulation Company are 
particularly proud to list, among our many major achievements, 
the honour of being the first insulation contractors to work on a 


British nuclear power station. 


The Calder Hall project involved a succession of new problems 
during construction, the testing nature of which was just another 
challenge successfully met by the skill of our engineers. 

Your insulation problems (whether heat, cold or sound) call for the 
same wide experience, the same awareness of new developments 
in engineering, as well as suitable materials of proven efficiency. 
A talk with one of our technical representatives will cost you no 
more than a letter or a ‘phone call. The Darlington Group of 
Companies are always at your service and would be pleased to 


help you right away. Ring Newcastle 23666 and tell us your 





problem now. 


THE DARLINGTON INSULATION CO. LTD 


Head Office: 38 Great North Road, Newcastle upon Tyne 


Branch Offices at: London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester, Sheffield 
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Dream come true 


The International Atomic Energy Agency is now established at its headquarters in Vienna 
and it represents a unique achievement in the field of cooperation between nations. All 
praise is due to President Eisenhower for his far-sighted appraisal of the situation and sug- 
gestion of four years ago that led, after much debate and argument, to the setting up of 
this instrument of such tremendous possibilities. But it still has to be proved workable 
and only time will answer this. If, however, it can get on with its job unfettered by politi- 
cal issues there is no reason why it shouldn't, and from all accounts the general debate has 
been reasonably free from these. 


At the time the President put forward his famous ‘ atoms for peace’ proposal the drift to- 
wards atomic war was rapid and he saw in the idea one way of slowing it. Since then, 
international tensions have eased considerably, although still present, and the Agency can 
play an important part in teaching the East and West to live together. But it also has 
another function. 


Leaving aside the question of large scale atomic war between big powers, there remains 
the fear that once enriched fissionable material becomes available some quite small irre- 
sponsible country might be tempted to make and use nuclear weapons, hoping by this 
means to secure a quick result over a rival. This must clearly never be allowed to happen 
and it is one of the International Agency’s most important functions to prevent this by 
means of the strictest nuclear housekeeping. Thus nuclear fuels are never likely to have 
the same degree of freedom as coal or oil and stringent control and inspection will be 
required for as long as fission holds the field. This would apply not only to enriched 
material but also to natural uranium owing to the possibility of plutonium extraction being 
surreptitiously carried on. In practice it is proposed to exert this control by a system of 
inspectors visiting recipient countries, but it should be noted that they will only have 
powers to inspect fuels received from the Agency and not from other sources such as 
domestic production or shipments under bilateral agreements. It would be sensible and tidy 
if eventually all dealings in nuclear materials were handled through Vienna, but at this 
stage that is rather a lot to expect. 


NUCLEAR POWER extends its good wishes to Mr Sterling Cole in his great task as the 
Agency’s first director-general. 





Hands off the Mills programme ! 


Reports that the Government’s plan for installing about 6000MW of nuclear generating capa- 
city by 1965 is to be cut by extending the period for a year will cause anger and resentment 
throughout industry. It cannot be reiterated too often that power is the key to our whole 
prosperity and that nuclear energy is the only way to obtain it in the quantities required, 
without importing vast quantities of coal and oil with a consequent crippling drain on 
foreign exchange. 


Today Britain leads the world in the peaceful uses of atomic energy and a delay of this 
kind will cost us dear. The Government must think again about this. No doubt cuts are 
necessary and the claims for consideration many, but it is madness to contemplate whittling 
this great plan, upon the successful carrying out of which our industrial economy in the 1960's 
is so heavily dependent. 


WAKEFIELD-DICK | 
' havebeen © 
nominated 


as suppliers of 
lubricants to 


BERKELEY 


NUCLEAR POWER STATION 

















An achievement based on experience and research. Our experience 

of lubricating over a third of the United Kingdom's standard generating 
stations. And the research conducted in our own laboratories on 
nuclear power station lubrication with facilities provided by Harwell— 
one of the world’s foremost authorities on nuclear energy. 


These are the reasons why we continue to be 
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Trouble at Windscale 


The first major reactor incident in 
Britain occurred on Thursday, October 
10, when some of the aluminium-canned 
uranium fuel elements in No 1 Pile at 
the Windscale Works of the Atomic 
Energy Authority became excessively hot, 
resulting in a discharge of fission pro- 
ducts through the ventilation stack. The 
big once-through-air-cooled pile first 
started up in 1950 and has been running 
ever since, producing plutonium for the 
weapons programme. 

Reasons for the mishap were not dis- 
closed, pending a full inquiry ordered by 
the AEA managing director Sir Leonard 
Owen, but the Industrial Group’s Chief 
Safety Officer F. R. Farmer told NUCLEAR 
POWER it was definitely not a criticality 
incident since the pile was actually shut 
down for fuel charging when the rise of 
temperature was detected. It must there- 
fore be assumed that there was some 
failure of the ventilation arrangements 
which allowed the temperature to rise 
due to fission product heat. Action taken 
to reduce the temperature included the 
introduction of water and by the next 
day it had been brought down to about 
100°C. As a precautionary measure, men 
not needed to assist were sent home and 
those remaining were put under strict 
health physics surveillance. No 2 Pile, 
as it happened, was also shut down at 
the time the incident in No 1 occurred, 
but on Saturday it was started up again. 

Immediately after the incident routine 
monitoring of the district was stepped up. 
According to Dr A. S. McLean, the In- 
dustrial Group’s Chief Medical Officer, 
the health physicists were concerned 
about two broad effects—external radia- 
tion from the fall-out from the stack, 
and Iodine-131 concentration in milk 
from cattle grazing on contaminated pas- 
ture. Tests of the general radiation level 
in the vicinity of the works showed a 
figure of about one background over 
normal and it was decided that no evacu- 
ation or other measure was necessary. 
More important was the milk question 
and it was realized that it would take a 
day or two for the effect to become ap- 
parent. Samples obtained from Friday's 
milk were rushed by car to Harwell 
where gamma spectroscopy tests showed 
an I-131 level of about six occupational 
tolerance levels (ICRP recommendations 
for ingestion). It was therefore decided, 
in cooperation with the Milk Marketing 
Board and the Ministry of Agriculture 
and Fisheries, to stop milk supplies from 
farms in the district, arrangements being 
made to compensate the farmers. 

Later the ban on milk was extended to 
an area of 200 square miles and the 
affair reached cabinet level. On Oct 15 
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it was announced that the Prime Minister 
had ordered a 4-man independent com- 
mittee to inquire into the incident. This 
comprises: Sir William Penney, FRS 
(AEA member for weapons research and 
production), Dr B. F. J. Schonland 
(deputy director of AERE, Harwell), Prof 
Jack Diamond (Manchester University) 
and Prof John Kay (London University). 

First task of the Penney team was to 
order the shut down of No 2 reactor 
which had been started up after the inci- 
dent. Since Windscale is a defence plant 
the hearings are in secret but the Author- 
ity have promised to publish such of its 
findings as are consistent with security. 

Comment on the incident must wait 
fuller information but the fact that it 
was necessary to flood the pile with 
water is some indication of its gravity. 
This will add enormously to the difficulty 
of decontaminating the reactor—if_ in- 
deed it can be done at all. 


Sandys in Nautilus 


Anglo-American atomic cooperation took 
an upturn last month when the Nautilus 
visited these shores to take part in NATO 
exercises. ‘ As revolutionary as the change 
from sail to steam’ was the opinion of 
Minister of Defence Duncan Sandys on 
his return from a S5-hour cruise in the 
ship in the English Channel on October 
11. Mr Sandys was accompanied by First 
Sea Lord Earl Mountbatten, senior naval 
officers and civilian officials. He said the 
party were given a most detailed explan- 





ation of the construction and method of 
operation. In addition it is understood 
that about 100 representatives of the 
Admiralty, the AEA and certain firms 
engaged on nuclear propulsion were also 
allowed over the submarine previous to 
the Minister’s trip. 

On her voyage across the Atlantic the 
2,980-ton ship was submerged most of 
the time and recorded the longest-ever 
dive of 14 days 34 hours, during which 
she travelled over 5,000 miles at an aver- 
age speed of 15 knots. Already on her 
second core, the Nautilus has travelled 
about 34,000 miles — most of it sub- 
merged. Her first core, which was 
changed last spring, ran well over 62,000 
miles. Nautilus is commanded by Com- 
mander William Anderson USN and has 
a crew of 14 officers and 94 men. 


Big move at Berkeley 

The 200-ton bottom bowl for Berkeley’s 
No. 1 reactor pressure vessel was moved 
on Sunday, October 20, from its fabri- 
cation site about 100 yards to the centre 
of the biological shield. Made from 63 
3-inch plates weighing over 3 tons each, 
the bowl was welded on a steel platform 
mounted on four 4-wheeled bogies run- 
ning on rail tracks. These led, partly 
over temporary Bailey bridging, to the 
reactor centre where a gap had been left 
in the thermal shield, which is now about 
66 ft high. Speed was limited to three 
feet a minute maximum. Once in posi- 
tion, the bowl was jacked up, using tem- 


At the AEl-John Thompson construction site at Berkeley, the 200-ton bottom 
dome for no. | reactor is drawn by steel hawsers to its final position inside the 
thermal shield 
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porary jacking pads, and the trolley re- 
moved. The bowl will now be fitted on 
to its permanent rocking supports and 
the 50 ft-dia, 80 ft-high shell completed 
plate by plate. 

When site fabrication of the bowl 
started in May the reactor foundations 
were not ready to receive it. Number 2 
reactor is scheduled about six months 
behind No. 1, so its pressure vessel will 
be built completely on the final site. 


Doubling time—9 years 
Since April 1948, when it was national- 
ized, the British electricity supply indus- 
try has doubled its generating capacity 
from 10,000MW to 20,000MW, and it is 
anticipated it will double again during the 
next 8-10 years. These striking figures 
given by Central Electricity 
Authority chairman Lord Citrine in Lon- 
don on September 24 when he was pre- 
senting the Authority’s annual report for 
the ninth time. It was also his last, for 
under the 1957 Act, the CEA is to be 
replaced by the Electricity Council and 
the Central Electricity Generating Board 
whose chairman will be Sir Christopher 
Hinton. 

On nuclear energy. the report adds 
little to what has already been published. 
It visualizes the first nuclear stations 


were 


Berkeley and Bradwell—coming into 
operation in 1961 with Hinkley Point 
following in 1962. By 1965-6, nuclear 


capacity in operation is estimated to be 
SSOOMW, representing 15 pct of the sys- 
tem capacity at that time. Output from 
these stations will however—due to the 
estimated 75 pct annual load factor 
amount to 30,000 million units, or 22 
pet of the total at the time. These figures 
do not include Scottish or N. Ireland 
stations which of course come under diff- 
erent authorities. Costs of first round 
stations will be in the region of £145 
per kW with a further £30 per kW for 
initial fuel charge. Under £50 per kW 
is quoted as the cost of the best con- 
ventional stations completed at about the 
same time. Nevertheless it is believed 
that later nuclear stations will be directly 
competitive with conventional steam 
stations situated in the coalfields. 

Lord Citrine said it was not yet pos- 
sible to say what effect the Government's 
decision to restrict capital investment 
would have but admitted that it was 
bound to slow developments since invest- 
ment in the next two financial years is 
to be pegged at the 1957-8 level. 


Dounreay show for London 


The AEA are organizers of a Dounreay 
exhibition opening in London on Novem- 
ber 5. This will include exhibits illustrat- 
ing the development of the fuel elements 
(NUCLEAR POWER, August) the metallurgy, 
fabrication and canning of the fuel and 
research on the elements after irradia- 








tion. Methods used in solving the prob- 
lems involved by the use of liquid sodium 
at high temperatures in the heat exchange 
circuit will also be shown, and the pro- 
cesses to be used in obtaining informa- 
tion from this experimental reactor when 
it is operating will be outlined. 

The exhibition will be open for three 
days from 10 am to 8 pm at 10 Carlton 
House Terrace, SW1, and research man- 
agers from the laboratories will be pre- 
sent to answer questions. 

In the meantime work at Dounreay, 
prior to commissioning early in 1958, 
has been stepped up and visits to the 
plant cannot be arranged for some 
months to come. 

The firm of Scottish Oils and Shell- 
Mex Ltd recently opened a new £200,000 
oil depot at Scrabster near Thurso with 
a capacity of over 1,500,000 gallons of 
petroleum products. Built to cope with 
the large supplies of diesel oil required 
by Dounreay, the station is fully equipped 
with maintenance and service facilities 
as well as administrative premises. 


Two tandem accelerators planned 


Metropolitan-Vickers is collaborating 
with the AEA in designing two tandem 
electrostatic generators for Harwell and 
the weapons establishment at Aldermas- 
ton. Novel feature of the project is the 
two-stage acceleration of the particles. 
Negative hydrogen ions are first acceler- 
ated from earth potential to 6MeV. They 
are then fed into a ‘stripper’ which re- 
moves the electrons from the outer shell 
of the atom and leaves the ions still 
moving forward with a net positive 
charge but almost unchanged energy. The 
second stage of acceleration is achieved 
by bringing the positive ions back to 
earth potential so that the total energy 
communicated to the ions is 12MeV. 
Negative ions are more difficult to form 
than positive ones, so that the beam cur- 
rent is smaller than in a single stage 
machine but twice the energy is obtained 
with the same insulation requirements. 

One function of the machine will be 
the study of nuclear reactions produced 
by the bombardment of uranium and 
transuranic elements. By bombarding 
suitable light elements targets with pro- 
tons and deuterons, monoenergetic neu- 
trons up to 30MeV will be produced. 
Other projects include the acceleration of 
heavier ions such as oxygen and fluorine. 
The major parts of the machine are to 
be made at Trafford Park. 


Irradiated food some way off yet 


Prospects for food preservation by irra- 
diation do not seem very immediate, or 
even very good. A conference on the 
subject, held by the Department of Scien- 
tific and Industrial Research in Cam- 


bridge at the end of September found 
that the mood should be one of cautious 





optimism. This was given in a statement 
issued afterwards, and it disclosed — 
‘when the researches on irradiated food 
are completed there is no doubt that it 
will provide a cheap, wholesome, attrac. 
tive and safe food’ There are still appar- 
ently many problems to be solved, not- 
ably that of flavour: pork, bacon or 
sausages for example, can be treated suc- 
cessfully but so far preservation of beef 
without unacceptable flavour change had 
been impossible. One of the problems js 
the extreme sensitivity of the human 
palate, it being mentioned that flavour 
additions to food had been detected 
when present in quantities of one part in 
50 million. 


Search for workable uranium 


Some workable uranium deposits may 
yet be discovered in Cornwall. The re- 
port of the Geological Survey for 1956, 
issued recently says investigations in 
worked-out tin and copper mines have 
proved sufficiently encouraging to war- 
rant a more intense search. The team is 
led by Mr S. H. U. Bowie, District Geo- 
logist of the Atomic Energy Division of 
the Geological Survey and their work 
has been aided by an airplane carrying 
scintillation counting equipment. Traces 
of thorium were also discovered in Scot- 
land, but not workable. The search is to 
be extended but the survey is still very 
short of geologists. 


US congressmen here 


On their way to Vienna for the IAEA 
meeting some members of the US Joint 
Congressional Committee on Atomic 
Energy visited the UK and went on visits 
to Harwell, Caider and Dounreay. The 
party included Senators Albert Gore and 
John A. Pastore, Representatives Carl 
T. Durham, James E. van Zandt, Chet 
Holifield, John J. Dempsey and Melvin 
Price. The American visitors were ac- 
companied by AEC officials. 


ITALY 
British advice sought 


A British firm of consulting engineers is 
to advise on Italy’s first nuclear power 
stations. In Rome on Sep 13 agreement 
was signed between Prof Ing Carlo Mat- 
teini, president of the Societa Elettronu- 
cleare Nazionale (SENN) and Mr Geof- 
frey F. Kennedy, of Kennedy and Don- 
kin, the well-known London firm of 
consultants. SENN are considering the 
building of a 1SOMW nuclear power sta- 
tion in southern Italy and the agreement 
with Kennedy and Donkin is for assist- 
ance in site selection and the preparation 
of a specification suitable for  inter- 
national tendering. Assistance will also 
be provided during the technical negotia- 
tions while the tenders are being prepared, 
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GERMANY'S FIRST REACTOR 


Munich pool completed 














FRM&7Z 


thermal flux is about 1°8 x 10”. 


Built at Garching, near Munich for the Technische Hochschule, this IMW 
pool reactor was inaugurated on Sept 9 by the Prime Minister of Bavaria, 
Dr Wilhelm Hoegner. It was designed by AMF Atomics of New York and 
uses about 4 kg of 20 pct enriched uranium in MTR-type elements. Max 


.. Dr Hoegner waves aloft a fuel element, just unpacked in the pre- 
sence of customs officials—on his left is Charles Hinrichs of AMF. Above, the 
pool has walls about 6 ft thick with experimental holes. 





and in their technical and economic 
assessment. 

This is the first time British consultants 
have been engaged in an overseas nuclear 
power station project and shows how im- 
pressed the European countries have been 
with the British achievements. 


UNITED STATES 
GA's new homogeneous reactors 


Some details were disclosed last month 
of General Atomics’ new solid homoge- 
neous reactor, critical assembly tests of 
which are at present going on at the 
John Jay Hopkins Laboratory, Torrey 
Pines Mesa. The core elements consist 
of solid mixture of 20-pct-enriched uran- 
ium and zirconium hydride as a modera- 
tor. GA say experiments have shown that 
if all the available excess reactivity is 
suddenly introduced, however inadver- 
tently, the reactor will shut itself down 
because of inherent physical phenomena. 
and it needs no electronic or mechanical 
safety mechanism. These phenomena pro- 
duce a prompt negative temperature co- 
efficient and there is thus no delay. 
Actually, three models are being pro- 
duced: IRGA, TRIGA and REGA 10-30. The 
first is an isotope-producing reactor with 
a power level of 10 watts: it is considered 
useful for isotopes with half-lives below 
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12 hours. TRIGA is a bigger version of 
IRGA with more research and training 
facilities. The REGA 10-30 is designed for 
research in many fields of physical, bio- 
logical and engineering science. Its power 
will be 10kW. All three are being shown 
at the Atomic Industrial Forum Annual 
Meeting in New York, Oct 28-31. 

At General Atomics, Dr Peter Fortes- 
cue recently arrived from Harwell to 
take over his new job as chief research 
and development engineer. Said general 
manager Frederic de Hoffmann ‘Dr 
Fortescue’s activities at General Atomic 
will cover a broad spectrum of the Divi- 
sion’s work. His basic interest will be in 
experimental applications of new engin- 
eering concepts.’ Before joining Harwell 
in 1947, Fortescue was with Bristol Aero 
Engine Co on gas turbines and before 
that at RAE, Farnborough. At AERE, 
he was deputy chief scientist and had 
much to do with the Calder Hall cool- 
ing arrangements. 


New criticality rules 


The AEC have passed regulations about 
transport of fissionable materials with 
the object of tightening up on criticality 
hazards. Top limits in any individual 
shipment are now: 350 grams of U-235, 
200 grams of U-233 or plutonium. De- 
livery to any individual carrier is now: 


100 grams of U-235 and 600 grams of 
U-233 or Pu. Movement of larger quan- 
tities than these will be allowed only 
with special permission of the AEC. 


ETR claims highest flux yet 
Two powerful new reactors went critical 
within two days of each other in Septem- 
ber — the Organic Moderated Reactor 
Experiment and the Engineering Test 
Reactor—both at the Arco, Idaho,. test 
station. OMRE is a 16MWt reactor ex- 
periment using terphenyl as moderator 
and coolant: no power is generated. It 
was built by Atomics International divi- 
sion of North American Aviation and it 
reached criticality on September 17. 
ETR was built by Kaiser Engineers and 
will be operated by Phillips Petroleum 
for the AEC. General Electric designed 
the tank, core and controls under sub- 
contract to Kaiser. The reactor is light 
water moderated and cooled and uses 
fully-enriched uranium. It has a thermal 
rating of 175MW and its thermal flux of 
1:9 X 10" is said to be the highest yet. 
The overall core dimensions are 36 in. 
high by 30 in. square and with test 
spaces measuring 9 by 9 by 36 in. hori- 
zontal and vertical in regions of high 
flux, it can take quite large components 
for test. The reason for building ETR 
in fact was that the experimental holes 
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IAEA MEETS IN VIENNA 


Sterling-Cole Director-General 


First director-general of the Interna- 
tional Atomic Energy Agency is to be 
Mr W. Sterling Cole of the United 
States (below). Mr Cole was unani- 
mously elected to the post at the 
Agency’s first general conference, 
which began in Vienna on Oct 1. In 
taking his new appointment, he re- 


signed his seat in the US Congress 
which he has held for 25 years. 









President of the Vienna conference was Dr Karl Gruber, Austrian ambassador to 
the US (centre); with him are (left) Prof V. S. Emelyanov (chief, USSR Atomic 
Energy Utilization Board) and Lewis L. Strauss (chairman, USAEC). 


During the conference Mr. Strauss announced that US would place 5000kg of 
U-235 at the Agency's disposal and in addition would match kg for kg contributions 
from other countries. The USSR offered 50kg and the UK, 20. Portugal said she 
could supply 100.000kg of natural uranium and Mr Strauss said America would do 


the same. 


The conference heard AEA chairman Sir 


Edwin Plowden read a 


message from the Prime Minister. Mr Macmillan said he believed the UK could 
help most by providing to the limit of resources, training and educational facilities 











in MTR are not big enough for the sort 
of in-pile test now required. The reactor 
went critical on September 19 and was 
officially dedicated on October 3. 


Impasse at Elk river 


One of the AEC’s second round stations, 
Elk River, Minn, is in trouble, contract 
negotiations between the Rural Coopera- 
tive Power Association and AMF 
Atomics having broken down. Speaking 
to the Joint Committee on Atomic 
Energy in September, AMF chairman 
Morehead Patterson, said he was asking 
the Government to allow an increase of 
cost for the 22MWe closed-cycle boiling 
water reactor from $M893 to $M11°75 
to cover unforeseen research and develop- 
ment. Mr Patterson said his company 
was not seeking a change in the original 
type of cost-but-no-fee contract but he 
was opposed to the principle of a cost 
ceiling in this type of development con- 
tract. Of the revised cost estimate of 
$M11°75, AMF would pay up to $MI. 
Mr Patterson said AMF was still inter- 
ested in the Elk River plant and he be- 
lieved that it was of national importance 
that the project be pushed through re- 
gardless of who built it. It was of out- 
standing technical interest being the first 
thorium-fuelled boiling reactor. Later the 
AEC announced that it was anxious to 
reach agreement with AMF and hoped to 
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be in a position to make definite pro- 
posals to the Joint Committee late in 
October. However, if the talks with AMF 
failed to produce constructive results, 
AEC would be prepared to negotiate 
with another company. 

It will be recalled that the AMF Elk 
River reactor is very similar to that be- 
ing built by the AMF Mitchell group 
for the Rheinisch Westfalisches Elek- 
trizitatswerk at Kahl, near Frankfurt. 


Nebraska SGR to start next year 


The sodium graphite power reactor for 
Consumers Public Power District to be 
built by Atomics International at Hal- 
lam, Nebraska, has now received AEC 
approval for construction and operation. 
The plant, based on Atomics Interna- 
tional’s Sodium Reactor Experiment at 
Santa Susana, Cal, will have a net out- 
put of 75MWe and will cost about $M29 
nuclearwise, conventional parts of the 
station costing about $M21. Work on 
the generating plant will start early next 
year and it will be operated at first with 
a conventional boiler plant, Reactor con- 
struction is not expected to begin before 
mid-1959, with nuclear power not avail- 
able till late 1961. 

This is the third reactor approved in 
the AEC’s first round of the Power De- 
monstration Programme. First was with 
Yankee Atomic Electric Co for the 


134MWe Pwr at Rowe, Mass. Second 
was for the Power Reactor Development 
Company's 100 MWe fast breeder near 
Detroit. 


Heavy water reactor for Carolinas 
Another proposal has been submitted for 
the AEC’s third round of the Power 
Demonstration Reactor Programme. It 
is from the Carolinas Virginia Nuclear 
Power Associates—a group of four elec- 
tric utility companies centred on Char- 
lotte, North Carolina—and is based on 
a 17MWe heavy - water - cooled - and - 
moderated reactor using slightly en- 
riched fuel. AEC support was requested 
for the major portion of development 
costs and the Commission was also asked 
to waive fuel and heavy water charges 
for the duration of the contract period. 

Stone and Webster Engineering Cor- 
poration have been retained as architect- 
engineers for the project and General 
Nuclear Engineering Corporation as 
nuclear consultants. Arrangements have 
been made with Westinghouse to de- 
velop and furnish plant. 

Third round invitations went out on 
January 7 and this is the third accept- 
ance. The other two are for a large gas- 
cooled, natural uranium plant by the 


Florida Nuclear Power Group and a 
66 MWe advanced boiling water concept 
put forward by the 
Power Co. 


Northern States 
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WORLDBRIEFS 


Sixth research reactor has been ordered 
from Head Wrightson Processes Ltd, 
London. Of the same general design as 
the DIDO/PLUTO reactors at Harwell, the 
new one is for the German state of 
North Rhine Westphalia. Head Wright- 
son now have export orders for three of 
these reactors. the others being the Aus- 
tralian HIFAR and the Danish mtr. 


Construction project for a 132MW power 
reactor has been announced for Puerto 
Santa Maria, Spain. Total cost will be 
about £M12.7 of which £MI1 will be 
spent abroad. 


In Finland, the YDIN Nuclear Power 
Association—a group of 19 industrial 
companies—is to spend about £40.000 for 
an exponential nuclear facility. About 
1500 kg of uranium and 2.5 tons of 
graphite will be purchased abroad. The 
experiment will be built at Otaniemi. 
near Helsinki. by the Institute of 
Technology. 


Reorganization of Hungary's National 
Atomic Energy Committee was recently 
announced. New men are: President. 
vice-premier Antal Apro, vice-presidents. 
Arpad Kiss and Lajos Janossy. 


Agreement has been reached between 
M. Hobson Ltd of Wolverhampton 
and Central Research Laboratories of 
Red Wing, Minnesota under which the 
British firm will manufacture the master 
slave manipulators designed by CRL in 
collaboration with the USAEC. 


Three intermediate sodium/water heat 
exchangers for the Enrico Fermi fast 
breeder power plant near Detroit have 
been ordered at a cost of ebout $M1°75 
from Alco Products Inc. Weighing about 
55 tons each, they will be 6 ft diameter 
and 30 ft long. 


Advance in target date for US atomic 
ship has been advanced from 1960 to 
early 1959, according to US Maritime 
Administration chairman Clarence 
Morse, speaking at a conference in 
Genoa on Oct 11. 


Niels Bohr received the first ‘ Atoms for 
Peace’ award in Washington on Oct 24. 
Presentation was by Dr James R. Killian, 
vice-president of MIT. President Eisen- 
hower was present. 


Three-quarters of a million people saw 
Het Atoom exhibition before it closed at 
Schiphol aiport, Amsterdam, on Sept 16, 
It is planned to send the major part of 
the exhibition to other European capitals. 














India’s nuclear chief receives our YEAR BOOK 


A copy of a colour film produced by British Information Services showing the 
Queen opening Calder Hall was recently presented in Bombay to Dr Homi 
Bhabha, FRS, Chairman of India’s Atomic Energy Commission. 


Prior to the presentation, the film was shown to Dr Bhabha and the Chief 
Minister of Bombay in the BIS Cinema. This was followed by a reception at 
which Mr H. Twist, the UK Deputy High Commissioner presided and among 
the other guests were a number of leading personalities connected with atomic 


energy in India. 


During the ceremony Mr A. St. J. Shuttleworth of the Federation of British 
Industries, Bombay, presented Dr Bhabha with a copy of the NUCLEAR POWER 
YEAR BOOK AND BUYER’S GUIDE. Dr Bhabha expressed his delight at receiving 
this as he had not previously seen it. Mr Y. B. Chavan, the Chief Minister of 
Bombay State commented on the accuracy of the section on India, being most 
impressed, he said, by this. The photographs show (left) Dr Bhabha with Mr 


Shuttleworth, and (right) Mr Chavan. 
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Nine Russian engineers recently spent 
two weeks in Britain under the leadership 
of F. G. Loginov, chief deputy of the 
Ministry of Electric Power stations. It 
was a return visit following that by the 
British team led by Sir John Hacking in 
May. They saw Calder Hall. 


New films made for the UKAEA have 
been released: Construction of Calder 
Hall, Heat Exchangers at Calder Hall, 
Engineering at Calder Hall, The Doun- 
reay Sphere. 35 and 16mm copies can be 
borrowed free from Ace Distributors, 14 
Broadwick St, London, WI (Gerrard 
3165). 

Hungary’s first atomic reactor is due to 
go into operation in summer 1958. Com- 
pletion date has been advanced six 
months. 

Record shipment of 6,000 tons of rutile 
and zircon arrived from Australia in Los 
Angeles last month. Ninety per cent was 
rutile for titanium: rest was for zirco- 
nium. Ores are found as beach sand. 
Brazil’s first reactor—a SMW pool from 
American Babcock & Wilcox — went 
critical recently. It is at the University of 
Sao Paulo, property of Institute of 
Nuclear Energy Research. 

Venezuela pool reactor by American 
General Electric will be completed next 
year. It will use 40kg of 20 pct enriched 
uranium. 

Westinghouse is to build a critical assem- 
bly at their centre in Waltz Mill, Pa. 
Object is design of Yankee Atomic Power 
reactor. 

Bulldozer with shielded cab for working 
in contaminated area has been developed 
by the US Army Engineers. Made of 
lead with lead glass windows, the cab 
is pressurized and fitted with radiation 
monitors. 

New thorium process for reactor-grade 
metal was described by D. D. Foley and 
R. B. Filbert of Battelle Memorial In- 
stitute at a meeting of American Chemi- 
cal Society in New York. Solvent extrac- 
tion for thorium nitrate is basis. Purity 
is 99°89 pct. 

Beryllium Corporation recently started 
new vacuum melting plant with capacity 
of 1201b of metal at Hazelton, Pa, plant. 
Pilot plant for ceramic fuel elements is 
to be built by American Lava Co. 
wholly-owned subsidiary of Minnesota 
Mining & Manufacturing, at Chatta- 
nooga. 

Calibration service for laboratory stan- 
dard neutron sources is now available at 
National Bureau of Standards, Washing- 
ton. 

New corporation—Atomic Energy Gen- 
eration and Development Co (capital 
1,000 million yen)—has been set up in 
Japan to import power reactors. Gov- 
ernment holds 20 pct, power utilities 40 
pet and industry 40 pct. 















More fuel and higher rating give 
greatly increased output and 
reduced unit cost 





HINKLEY POINT 


the world’s biggest nuclear power station 


AS BRIEFLY REPORTED last month, the contract for 
the Central Electricity Authority’s third nuclear power 
station, at Hinkley Point, Somerset, was placed with the 
English Electric: Babcock & Wilcox: Taylor Woodrow 
group on September 12. We are now able to deal rather 
more fully with this station—by far the largest yet pro- 
jected in any country. 

Like all British stations so far planned it has two reactors 
and generally has the arrangement of units that one has 
come to expect. The six main turbines will have a total 
net output to the Grid of 5SOOMW. The site, on Bridgwater 
Bay, covers about 44 acres—far more than enough for 
the projected station which is actually extremely compact. 
Much attention has been paid to appearance and the plant 
is housed in buildings of bold, yet simple, geometric form. 


New type of core support grids 

Each reactor is contained in a 67 ft dia. sphere which will 
be fabricated on site from 3 in.-thick, 27-ton, mild steel 
boilerplate. These are designed to BS1500 plus a safety 
factor of about 5 or 5}, which is the AEA figure for this 
type of vessel. The spheres will be supported by 30 ft dia. 
external skirts in 3 in. plate and inside, the graphite struc- 
ture will rest on a new type of egg-box support grid which 
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Site layout of Hinkley Point station 
1 and 2 Reactor buildings 12 Carbon dioxide plant 


3 Turbine hall 13 Laundry 
4 Control block 14 Incinerator and waste 
5 Electrical annexe 15 Welfare 
6 Loading bay (under) 16 Canteen 


7 Workshops 17 Administration 
8 Post irradiation fuel stores 18 Pumphouse 


9 Decontamination 19 Garages 
10 Fuel store 20 Sewage works 
11 Diesel house 21 Police lodge 
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will transfer the weight through an internal skirt to the 
external skirt. The spheres will have twelve 6 ft 6 in. dia. 
openings for the main gas ducts and in addition there will 
be about 170 nozzles varying in diameter from 3 in. to 
2 ft for fuelling standpipes, control rods, fission product 
detection tubes, Wigner probes, flux scanning wires and 
debris removal. Weight of the empty shells will be about 
1700 tons: with contents it will be about 5500 tons. 

The graphite structure will be about 50 ft dia. and 
30 ft high formed in a 24-sided prism, restrained by bands 
round the periphery and supported on the grid through 
ball bearings to allow for differences in thermal expansion. 
On top will be fitted the now customary cast charge-pans 
which protect the top face during fuelling and give a 
positive location for the charging machines. Fuel channels 
are arranged in a square lattice but control rods, flux 
scanners etc. work in holes formed by chamfers at the 
four corners of adjacent columns. Allowance is made for 
the expansion of individual bricks through temperature 
and Wigner growth without affecting the lattice geometry. 


Individual support for elements 

The fuel elements will be natural uranium rods in magne- 
sium alloy cans with external fins to provide extended sur- 
face for heat transfer. These fins are stated by English 
Electric to be superficially similar to those used at Calder 
Hall but it appears that there is an important difference 
in the helical angle which, says the firm, gives a better 
heat transfer performance. There will be eight cartridges to 
the channel and they will be individually supported—not 
stacked. A proportion of the elements will be fitted with 
thermocouples and the reactor will also make use of 
absorber elements to improve the ratio of mean to maxi- 
mum flux by flattening the radial distribution. Further 
dummy elements containing graphite will also be used 
for loading into the topmost position in each channel to 
reduce neutron leakage and buffeting of the fuel elements 
underneath. 

The thermal output of the Hinkley reactors is about 
980MW each and it is interesting to compare them with 
the Bradwell reactors (thermal output 531MW) for as it 
happens they have pressure spheres of the same diameter. 
The improvement in output is clearly due in the main to 
the inclusion of very much more fuel. This could be done 
by three means: thicker uranium rods, longer channels 
and reduced distance between channels—in other words 
using the available volume in the sphere more economi- 
cally. It is likely that the Hinkley designers have in fact 
used all these devices within the limits set by nuclear con- 
siderations. In particular, it is understood that the height— 
and hence indirectly the diameter—of the core was in- 
creased by (a) the design of the charge chute withdrawal 
and (b) the new form of egg-box support grid. The former. 
for example, gave another foot of graphite; this alone 
gave about 4 pct more graphite and led to about 5 pct 
more power because it also influenced the flattened radius. 
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Other output gains 

The new type of grid allows the bottom corner of the 
core to come very near to the shell and this too will con- 
tribute to the volume of fuel contained. These measures are 
thus all directed at a better use of the available volume 
in the sphere and together with gains from other directions 
have led to a formidable increase in output with no in- 
crease in size. 

Along with the greater quantity of fuel in the core it 
it probable that there has been a gain in mean fuel rating 
due to the increased flux flattening of the big core and 
the improvement in heat transfer which would arise as a 
result of the high gas pressure (12 ats). Improved element 
fins could also be expected to contribute ‘to increase the 
rating. Thus the output has been increased partly by a scale 
effect and partly by better uranium heat transfer. 


Handling the increased gas flow 

Turning to the cooling system, there will be for each 
reactor six boilers or heat exchangers arranged three on 
each side in a manner strongly reminiscent of Bradwell. 
The static pressure in the system was fixed at a ‘trifle 
over 12 atmospheres” or, say 180 psia which is consider- 
ably higher than any first-round station. The main duct- 
work will be 6 ft in diameter over most of its length but 
is not constant throughout. Each circuit is coplanar and 
involves several flexible expansion joints and ten aerofoil 
cascade bends. 

Compared with Bradwell, for example, each circuit ob- 
viously has to handle considerably more gas and, in order 
to reduce blowing power as much as possible, it has been 
necessary to go for the biggest practicable duct diameter. 
The move to 6 ft dia. ducts is a bold one but the gain 
to be expected could justify quite a large expenditure on 
development of suitable angular-movement joints in this 
size. 


Axial flow circulators chosen 

Carbon dioxide is circulated in each circuit by a single- 
stage axial-flow blower direct-coupled to 11kV 3-phase 
variable frequency motor supplied by three (one reserve) 
variable-speed turboalternator sets in the main turbine 
hall. This system of speed control is similar to that being 
installed at Bradwell. In the blowers the rotor blading is 
mounted on an overhung disk so that only one shaft seal 
is needed, and the casing is of fabricated construction with 
only one seal-welded flange joint. The blowers, but not 
their motors it will be noted from the plan, are located 
behind tertiary shielding; presumably the radiation level 
around the circulators is liable to be slightly over toler- 
ance level for continuous occupation. 

Each gas circuit includes two air-operated isolating 
valves: these are both in the vertical legs of the inlet and 
outlet sections. For start up and testing, gas recirculation 
or bypass ducts run from a point in the main ducting 
just beyond the blower outlet to a point between the low 
pressure economizer and the I.p. evaporator banks of the 
boiler. 


Internal insulation in spheres 

It will be noticed that the gas entry to the sphere is a 
good deal lower than at, say, Bradwell and the gas flow 
inside the sphere rather more direct. Suitable seals will 
be provided between core and sphere to prevent bypass- 
ing. From the sectional elevation it will be seen that there 
is very little excavation at Hinkley, the spheres being well 
above ground level. This makes the blowers the lowest 
part of the circuit and the overall height of the building 
rather high (175 ft from foundation level). 

A very interesting part of the gas system is the way the 
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3 in. thick sphere is able to withstand a working pressure 
of 180 psia. This is to be done by form of internal lagging 
in the upper half and external lagging on the lower. How 
the internal insulation is to be done has not been disclosed 
but clearly the aim of the designers has been to obtain 
a higher permissible stress on account of the lower maxi- 
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The 67 ft diameter spheres will be site assembled in 3 in. 

boilerplate. Working pressure will be 180 psi. Weighing 

5500 tons with core and fuel, the spheres will be supported 

on circular skirts transferring the weight through founda- 
tions on bedrock 


mum and more even distribution of temperature through- 
out the steel. Temperatures in the gas circuits have not 
been disclosed but the upper one is claimed to be just 
below Sir Christopher Hinton’s projected line (Stockholm 
lecture, March 1957) which would make it about 380°C. 


Stud-tube heat exchange surface 

For the steam raising side, the duel pressure system is 
retained, as on all British stations, the h.p. steam being 
supplied at about 650 psi and 700°F. Total flow from the 
whole plant will be about 54 million pounds an hour, the 
ratio between h.p. and I.p. flows at rated power being 
about 1-8. The boiler shells, 90 ft high and 214 ft dia., 
wall thickness 2} in. will be mounted on skirts on con- 
crete bases. Each shell will contain economizer, evaporator 
and superheater sections for both h.p. and I.p. steam, it 
being apparent from the drawing that the I.p. superheat 
must be close to that of the h.p. 

Extended surface chosen for Hinkley is a development of 
the stud tube design used at Calder Hall and is used in in- 
dividually supported, flexible, multiloop elements connected 
to horizontal external headers through thermal sleeves in 
the shell. Each bank of heating surface is surrounded by 
baffle plating to direct the gas flow. Although the height 
and diameter of the Hinkley boilers are only 20 and 25 
pet greater respectively than those at Calder, the heat 
rating of each unit is 34 times as great. This has been 
made possible by getting more heat transfer surface into 
the cylindrical vessel. The thermal efficiency of 26 pct 
given by English Electric is not quite as high as that of 
Bradwell but neither are the h.p. steam conditions and it 
may be that the designers found it paid to accept some 
loss of thermal efficiency to achieve a lower capital cost. 
Indeed, in giving news of the contract, Mr H. G. Nelson 
said at a total cost of £60M, the capital cost was about 
£110 per kW, compared with £130-140 for first round 
plants. Quite possibly a significant factor in this reduction 
has been the use of stud-type heat-exchangers in place of 
the integral-finned variety used at Berkeley and Bradwell. 
although an easier site has had something to do with it. 

The boilers are of the forced circulation type and each 
unit will have five canned motor centrifugal circulation 
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pumps—3 for the h.p., 2 for L.p., standby capacity being 
provided. The high- and low-pressure drums will be fitted 
with Babcock steam cyclones and scrubbers to avoid water 
reaching the superheaters and steam, the pumps. Feed 
water control will be by two-element automatic regulators 
but emergency control can be carried out from the control 
room. 


Primary and secondary shielding 

The main biological shield round the reactor spheres will 
be a dodecagonal wall of 7 ft thick reinforced concrete 
rising to 90 ft from the foundations and measuring 75 ft 
internally across the flats. Internally it will be lined with 
a relatively thin thermal shield. This will be surrounded 
in turn by a rectangular secondary shield 6} ft thick and 
140 ft by 100 ft. In the space between the two shields will 
run the gas ducting, shield cooling ducting and other 
services. 

On top, the reactor vault is completed by an 11 ft-thick 
concrete slab the upper part of which will form the 
charge floor or pile cap. The centre part of this will be 
pierced for the many standpipes going down into the 
reactor vessel. A very comprehensive system of cooling 
in the reactor vault will be installed. In this, air will be 
brought into the vault through spaces between the lower 
gas ducts and the biological shields and extracted through 
similar spaces at the top. A fan and filter system extract 
the cooling air and discharge it through stacks flush with 
the roof of the reactor buildings. 


Two machines for on-load charging 

Fuelling will be carried out under load and instead of 
installing a very large and complicated machine to do 
everything, the Hinkley designers have decided to have 
two relatively simple machines, one tall one for housing 
the chute and preparing the standpipe for charging, the 
other—a much lower one—purely for fuel elements them- 
selves. These machines are not on gantries but are carried 
about where required by a travelling overhead crane. The 
machines are arranged for maximum convenience in ele- 
ment shuffling—both axial and radial. Normally, operation 
of the machines will be by remote control, but manual 
operation with closed-circuit television can be used. On the 
charge floor is situated a special maintenance room in 
which the machines can be serviced. 

Hot fuel rods will normally be lowered in a water-filled 
skip to a storage pond adjacent to each reactor but a 
chute is provided as an alternative route and also for 
damaged elements. The ponds themselves will be in two 
parts divided by a watertight door—one part for sound 





A development of the Calder Hall system, Hinkley will use 
heat exchanger tubing with the surface extended by elliptical- 
section studs, automatically welded 
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The station will have twelve of these dual pressure boilers 
shown here diagrammatically. Forced circulation will be by 
canned motor pumps 


slugs, the other for damaged ones. After the required stor- 
age time, the skips will be taken by hoists to shielded 
loading bays where they will be placed in dry containers 
mounted on power operated transporter carriages to be 
taken to a wash-down area for final checking against 
radioactivity. 


Intrinsic safety aim 

Control of the entire station will be from a central control 
room in which the station control engineer will supervise 
the two reactor control engineers. Normally, control will 
be by varying the gas flow by means of the variable fre- 
quency sets, and keeping the steam conditions almost un- 
changed. In this way the upper gas temperature will be 
held and the lower temperature varied. The ratio of h.p. 
to l.p. will however change and thus steam demand will 
be made to control gas flow. On the safety side, intrinsi- 
cally safe design has been preferred to protective devices 
and the plant has been designed to remain safe even it 
two unrelated and simultaneous faults occur. 

Gas sampling for fission products arising from fuel can 
punctures will be carried out by electrostatic precipitators 
located in a special room in each reactor block, each serv- 
ing a group of fuel channels. As at Calder Hall, each chan 
nel group will be scanned for 25 seconds every 30 minutes 
and the activity recorded in the central control room. 

A feature of the construction proposals is the use of a 
400-ton capacity Goliath crane, said to be the biggest yet. 
with a clear span of 250 ft and a clearance of 185 ft to 
the hooks. This will be built by Babcock’s crane depart- 
ment. 

Construction has already started at the site and it is 
estimated that the second reactor will be on the bars 
late in 1962, no. 1 earlier the same year. 


CONTRACTORS 
ENGLISH ELECTRIC: 
BABCOCK & WILCOX: 


Reactor and electrical engineering 
Pressure vessels, boilers, pipework 
and valves, fuel handling equip 
ment, cranes 


TAYLOR WOODROW : Civil engineering and buildings 
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A design philosophy 
for the gas-cooled plant 


Power Station Instrumentation 


J. C. NUTTER, MA, AMIEE and J. DOWSING, BSc(Eng), ACGI, WhSch, GiMechE 


Nuclear Division, Elliott Brothers (London) Ltd 


THE GENERAL INSTRUMENTATION considerations 
in a nuclear power station differ in two major respects 
from their more conventional counterparts, besides the 
obvious differences in the nature of the actual measure- 
ments to be made concerning the reactor itself. Firstly, 
the fact that operational control of the power raising 
section of the plant, i.e. the reactor heat transfer and steam 
generating equipment, is more complex calls for an associa- 
tion of instruments at once more diverse, more numerous, 
and of an order of integrity seldom approached in ordin- 
ary commercial practice. The added complexity is naturally 
contributed to by the all important reactor safety require- 
ment, but also arises from the necessity of using a primary 
heat transfer medium flowing round a closed loop. The 
former requirement is met by the design of special in- 
struments embodying ‘fail-safe’ principles or, where this 
is impracticable, by the use of several associated instru- 
ments so arranged that the maloperation of any single one 
produces no unsafe condition. These procedures result in 
more complicated equipment and operational rigidity. It 
is of course possible to over-complicate the system so 
that safety becomes prejudiced by human _ indiscretion. 
However, a number of well established principles have 
emerged from experience on experimental reactors which 
have been described. It is also interesting in this context 
to observe that, in the case of a power station, an oppor- 
tunity is afforded for ensuring safety by good mechanical 
design. At Bradwell for instance, the reactor, gas ducts, 
and steam generators are so disposed that serious over- 





coolant 





heating of the reactor would be prevented by natural con- 
vection should all else fail. 

The control problem introduced by the closed coolant 
loop is dependent on the reactor temperature coefficient 
of reactivity. Variations in steam generator load are re- 
flected as changing input temperatures of reactor coolant 
instead of merely representing more or less economical ex- 
traction of heat from flue gases. This means that the re- 
actor rate of heat output is not simply a function of the 
way in which its control absorbers are manipulated but 
may be affected by changes in the remainder of the plant. 
Fortunately the large negative temperature coefficient fea- 
tured in the designs of the projected stations tends to 
stabilize the reactor output, though its actual value will 
change with time as the charge fuel is burnt and new fuel 
produced. Thus the control of reactor and steam genera- 
tors can never be considered separately, and in fact a high 
degree of integration is necessary. 


Secondary considerations 

Secondly, perhaps because of the novelty of the whole 
undertaking, the present instrumentation plan aims at err- 
ing on the generous side, instruments being specified which 
play no part in the day-to-day control of the plant. The 
variety of other purposes which they serve includes the 
provision of checks on design features and initial setting- 
up information such as would be obtained from flux- 
scanning equipment and numerous pressure, flow, and tem- 
perature measurements, precautions against relatively un- 
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likely occurrences such as ruptured fuel element cans or 
certain health and contamination hazards, and preservation 
of operating history on recorders in order to accumulate 
experience or investigate the causes of possible failures. 
This summarizes the various requirements which the 
instrument supplier must now propose to satisfy with a 
combination of existing instruments, adaptations of estab- 
lished techniques, and entirely new and specialized equip- 
ment. The following describes the important novel re- 
quirements and how they are met. It is interesting to note 
the increasing use made of purely electronic, as distinct 
from electro-mechanical, instrumentation, an outstanding 
example being a proposal to install electronic data-logging 
equipment employing digital computing techniques. 


Reactor instrumentation 

The principal reactor parameter to be controlled is of 
course its total heat output which, because of the closed 
coolant circulation loop, must be adjusted to follow 
changes in steam demand. Any error will be integrated. In- 
formation on the rate of total heat release must however 
be inferred from local conditions at points where measure- 
ments are made. Conventional techniques give rise either to 
standing errors where conditions in small regions are ob- 
served, or to slow response to changing conditions where 
the measuring regions are more extensive. Fortunately a 
novel method is available, dependent on the fact that in the 
power range where fission product contribution is not large 
the rate of heat production is nearly proportional to the 
rate of neutron formation. Since the neutron lifetime is 
short and the overall flux distribution pattern remains sen- 
sibly unchanged for modest changes in level, a measure of 
total rate of heat release is given by the value of neutron 
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At Calder Hall, each reactor has eleven of these 





precipitator units for burst slug detection 


flux at a single point. This is not an easy measurement to 
make and involves the use of a large amount of equipment 
to determine the relatively simple parameter. However, 
considerations of safe reactor control during shut-down 
and start-up, when no other means of measuring reactor 
activity is possible, necessitate the use of flux measuring 
instruments in any case. 

The difficulties in making the measurements arise from 
the innate inefficiency of the various neutron detectors. 
Limitations on the size of these are imposed by considera- 
tions of mechanical practicability and disturbance of the 
flux pattern or reactor geometry itself. Detectors have been 
described relying on thermoelectric or photoelectric effects. 
which can operate in high flux regions of the core with 
consequent improvement in sensitivity, but these have not 
found favour for reasons such as shortness of reliable life 
caused by radiation damage both to the detectors and 
their associated wiring, and maintenance difficulties. De- 
tectors in almost universal use rely on the ionization of 
gases by charged particles and detect the presence of such 
particles caused by interaction between thermal neutrons 
and certain isotopes, e.g. B-10, included in their construc- 
tion. These are suitable for use in fluxes of up to about 
10'° n/sq cm/sec. They are also sensitive to gamma radia- 
tion but where this is a serious problem the neutron / gamma 
sensitivity may be improved by surrounding the detector 
with a lead gamma shield. An appropriate choice of detector 
design and associated electronic amplifier provides either 
an instrument for use in higher fluxes where the mean 
ionization or d.c. current is measured, or one which regis- 
ters the occurrence of each individual event or pulse of 
current for use in low flux regions (/), (2). Because of the 
enormous power range covered by the reactor both types of 
instrument will be required in the power station. 
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Location of neutron detectors 

A site must be chosen for location of the detectors where 
the flux level at full power is convenient and where the 
proportional flux level varies by a minimum with the age 
of the reactor, movement of its control absorbers etc, and 
where the incidence of gamma radiation is not unduly 
high due to the proximity of materials such as steel in the 
reactor structure. They are conveniently mounted just ex- 
ternal to the pressure vessel, within a block of graphite 
which serves to thermalize fast neutrons and improve the 
detecting efficiency. The rate of leakage of neutrons from 
the reactor core is roughly proportional to the total pro- 
duction rate and at this distance from it the level is ade- 
quate and relatively unaffected by changes in internal flux 
pattern. Moreover the maintenance problem is eased and 
ambient conditions outside the pressure vessel are much 
less severe. 

The measurement of flux level during shut-down periods 
while of small significance from the steam raising view- 
point is not quite a parallel to measuring furnace tempera- 
ture when the fire is out; it is indeed of prime importance 
in the reactor safety aspect. The reactor once assembled 
can never be altogether shut off and it is at the low power 
levels where an unforeseen or accidental increase in re- 
activity is most likely to go unnoticed since no other con- 
firmatory measurements are possible. By the time that the 
resulting increased power level became significant it might 
be already too late to avert an accident. Both theory and 
experience show the truth of the often reiterated statement 
that the most dangerous period exists when the reactor 
is running at very low power. 


Several instruments needed for full range 

Full shut-down flux of a reactor might well be 10! or 
10'* times smaller than the full power flux, though neutron 
sources such as antimony-beryllium slugs, which provide 
neutrons during shut-down and are reactivated during the 
running period, can be used to reduce the total excursion 
to some eight decades. Even this is not a practicable oper- 
ating range for a single electronic instrument so that the 
use of several instruments of differing sensitivity is neces- 
sary. For the lowest flux ranges pulse-counting channels 
are employed, detectors being sited in regions of higher 
flux and operating from a few mW to several kW of re- 
actor power. Logarithmic d.c. instruments which cover five 
or six decades are used at the higher powers. In order 
to give an effective overlap in the working ranges, two 
such instruments might be provided operating over ranges 
from a few hundred watts to a few MW and from tens of 
kW up to full power respectively. Instruments normally 
used have subsidiary differentiating circuits which indicate 
rate of flux change, and a similar indication is obtained 
from the pulse counters. On reaching working power 
range, the more sensitive detectors are withdrawn into the 
biological shield as a precaution against activation. 

Additional instruments are used for linear power level 
measurement in the working range both for control and 
supervisory purposes, and several selected signals are fed 
to recorders (3). 

At power, confirmatory measurements of heat release 
which are less liable to changing calibration errors are 
possible. Instruments are employed which, measuring re- 
actor inlet and outlet temperatures and gas flow in the 
various ducts, can compute total heat output. Though the 
ume response is poor and gas flow measurements are not 
made with extreme accuracy over a very wide range, these 
signals are of interest from the steam generator control 
viewpoint. 

A considerable number of further reactor measure- 
ments are made having a secondary degree of importance 
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in reactor control: parameters such as fuel element sur- 
face temperatures, shield temperatures, valve and control 
absorber positions, conditions in the gas circuit and var- 
ious activity levels are supervised to ensure safe opera- 
tion, and in several cases automatic shut-down would re- 
sult if danger levels were approached. Largely conven- 
tional techniques are employed here. 


Control of reactor and steam generators 

Control of the reactor itself is carried out in the usual 
manner. Several control absorbers are provided which can 
be inserted into or withdrawn from the core by electrically 
operated winding gear. These are arranged in three groups 
of which one is left permanently withdrawn, even during 
shut-down periods, as an emergency control. A second is 
used for coarse control purposes whilst the third, consisting 
of fewer elements, is used for fine adjustment of reactor 
power. 

All absorbers and mechanisms are normally identical in 
construction and are ganged electrically so that the func- 
tions of individual absorbers may be readily changed as 
the condition of the core changes with age. Each is de- 
signed to fall into the core by gravity should its electrical 
control fail, and thus behave in a safe manner. 

The absorbers are manipulated by hand control to assist 
in obtaining the desired reactor heat output. Though the 
principles of automatic reactor control are well understood 
(4), (5), and this system has been proposed for certain of the 
stations now being built, it is not essential. In fact no saving 
of manpower will result since supervisory staff must in 
any case be in the control room whenever the reactor is 
running, and adjustments to the control absorbers will be 
required only when the load is to be changed or at long 
intervals for trimming. 

The control of nuclear steam generators is made more 


Typical reactor instrumentation cabinet includes health 

monitoring amplifier, logarithmic amplifier and period meter, 

shut-down amplifiers, power deviation meter and control 
rod servo amplifier 














complex than that of coal or oil fired boilers by the use 
of the dual pressure cycle and the interaction between the 
steam generator load and the power level of the reactor 
through the temperature effect. 

With a fired boiler system it is usual to control the 
station load by adjusting the turbine governor to permit 
the steam flow required for the generator torque. The 
steam pressure and superheat temperature are then main- 
tained steady by automatic or manual controls varying the 
supply of fuel and operating superheater by-passes or de- 
superheaters respectively. When an increase in steam de- 
mand occurs, the pressures and temperatures fall and the 
boiler temporarily gives an increased flow of steam at a 
lower superheat. This being undesirable in the long run in 
view of its effect on efficiency, the supply of fuel can 
then be increased to restore the steam conditions. 


Control of power output 

Whereas in the conventional boiler the heat released is 
dependent only on the fuel and air supplies, in the nuclear 
case there is a degree of ‘ feedback’ from the steam tem- 
peratures and pressures which may lead to undesirable 
thermal cycling in the reactor. The load on the plant can- 
not therefore be regulated from the turbine end of the 
system. Moreover, since the coolant streams returning from 
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and I.p.) are arranged to be overridden, and the h.p. steam 
flow is determined by a regulator which maintains a con- 
stant pressure in the h.p. system. A similar situation pre- 
vails on the |.p. side but the pressure setting of the regu- 
lator is determined by the control on the temperature of 
the coolant leaving the steam generator and entering the 
reactor. Dump condensers are provided for excess steam 
if the electrical load is less than the power available or 
if the circuit breakers have been tripped. If the cooling 
water is not being circulated, or supplies have failed, ex- 
cess steam will be released direct to the atmosphere. 

Thus, in a nuclear power station, any small adjustment 
needed to bring the turbine output to the required figure 
is made directly at the reactor, and the steam flow and 
l.p. steam pressure subsequently change to produce the 
effect. This is in direct contrast with conventional power 
plants where the prime adjustment is made to the steam 
flow through the turbine and the fuel supply is later 
adjusted to maintain the nominal steam pressure. 


Instrumentation of steam generators 

In view of the close interaction of the steam generators 
and the reactor, and the fact that the operation of the 
steam generators is largely determinéd by controls initiated 
by the reactor operator, it is desirable that the pressures, 
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Schematic shows major reactor instrumentation 


all the steam generators mix in the reactor, adjustments 
made on one steam generator will affect the whole reactor 
and the other steam generators as well. The way in which 
adjustments are made on the steam generators to meet 
control requirements will be chosen by the station de- 
signer to give the most economic operation. 

The method of control adopted at Calder Hall and in 
at least one of the stations now being built is to control the 
reactor power level by means of the control rods, with 
the mean temperature of the coolant maintained constant. 
The speeds of the blowers are varied so as to keep the 
coolant temperature constant at outlet from the reactor, 
while the inlet temperature is controlled by varying the 
pressure in the I.p. steam system and thus the temperature 
of the I.p. evaporator tubes. The turbine governors (h.p. 
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temperatures, etc in the steam generators should be shown 
in the reactor control room. This leads to the adoption 
of a single centralized control room containing all the 
reactor instruments, and either all those concerned with 
the heat exchangers or all the more important ones, with 
the remaining supervisory instruments being collected on 
a small panel near each steam generator in the boiler house. 
As the turbines also run as slaves to the reactor, these too 
may be controlled remotely from the main control room 
rather than from an electrical control room dealing with 
load despatching. 

The instruments provided for each steam generator are. 
in general, similar in function to those normally provided 
for a fired boiler, with the exception that there are no 
draught gauges to check the operation of forced draught 
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and induced draught fans and show the state of fouling 
of flues and pipe banks. There is, however, a gauge show- 
ing the pressure rise across the blower to verify its opera- 
tion. There may also be a gauge showing the pressure drop 
through the heat exchangers, though in view of the great 
care taken in filtering the coolant, there is little likelihood 
of fouling of the tubes and ducts and it will serve only as 
a check on the coolant flowmeter and an alternative to it 
in an emergency. 

Each steam generator has an indicator or recorder show- 
ing the coolant flow and this instrument can be operated 
from the same flow transmitter used to provide the signal 
summed in the total mass flow and reactor heat output 
computer. This does not represent any relaxation of relia- 
bility considerations, as the differential pressure indicator 
already mentioned can represent a stand-by means of flow 
measurement. 


Pressure and temperature instruments 

As with a fired boiler, there are indicators or recorders 
for the h.p. and l.p. steam flows. The other instruments 
essential to normal running of the plant include indicators 
and gauges showing the pressures and temperatures at the 
outlets of the h.p. and I.p. superheaters, the corresponding 
conditions at the feedwater inlets, the pressures at inlets 
and outlets of main and auxiliary feed pumps, the pres- 
sure differences across the water circulating pumps, and 
the respective drum water levels. In addition a number of 
other instruments are provided for the supervision of the 
warming and starting-up of the plant, and for regular 
logging of values to provide records of long-term changes 
in plant performance, and aid in locating unusual faults. 
These include indicators showing the pressures and tem- 
peratures at the inlet and outlet of each bank of tubes in 
the heat exchangers, and the coolant CO, temperatures at 
the corresponding levels. 

Feed water control for nuclear steam generators tends to 
be on conventional lines, but special attention is given to 
stability and smoothness of operation in view of the inter- 
action between the different sections of the plant. This 
follows since major changes in the feed flow will vary the 
neat transfer in the economizer and in turn be reflected as 
temperature changes in the coolant returning to the reactor. 
While the direct-operated float or differential expansion 
type of drum level controller has substantial advantages in 
simplicity and reliability, the considerable height from the 
economizer inlets at the base of the steam generators to 
the steam drums makes it desirable that a remote-opera- 
tion system should be adopted. Such a system makes it 
possible for the control to take account of actual steam 
and water flows, which can improve the stability of the 
system by giving some anticipation of impending level 
changes. Thus the feed water control normally takes the 
form of a conventional three-element pneumatic or electric 
control with provision for the feed to be controlled man- 
ually from the central control room if necessary, in accord- 
ance with remote indications provided of drum _ level. 
steam and feed flows. 

In addition to the drum level indicators, and for safety 
reasons independent of them, there are high and low level 
alarms for both the h.p. and I.p. drums. These are essen- 
tial for obvious reasons, but in view of the forced circula- 
tion system used in nuclear steam generators, a low drum 
level is not so likely to be dangerous as in a conventional 
boiler where circulation may cease and evaporator tubes 
burn out. However, priming may occur with high drum 
levels and can be more severe than in the conventional 
boiler owing to the relatively short parallel tubes used in 
the superheaters. 


NUCLEAR POWER NOVEMBER 1957 








Steam line sampling 
As a check on possible carry-over of water droplets to the 
turbines, suitable sampling systems with degassing and 
condensing equipment are connected to the steam lines 
both before and after the superheaters. The purity of the 
resulting condensate samples is then determined and re- 
corded by conventional conductivity apparatus. Similarly. 
tapping points are provided on the condensate lines leav- 
ing the main condensers and dump condensers and further 
conductivity instruments record the purity of the return- 
ing feed. 

The purity of make-up feed water supplies is also 
checked, as in a conventional station, by conductivity and 
possibly also pH measurements, and the instruments may 





54-point scanning recorder logs activities in the burst slug 
detection channels 


be grouped for convenience with others directly on the 
evaporators. The water softening plant with ion exchange 
beds and with or without preceding chemical treatments is 
conventional and its instruments likewise follow normal 
lines. 

To monitor the operation of the deaerators, dissolved- 
oxygen meters record the oxygen contents of feed water 
samples taken before and after passage through the deaera- 
tors, as in conventional practice. 

The instruments associated with the turbine will be as 
in normal practice. If the turbine is controlled from the 
main control room, these standard instruments will be aug- 
mented by the provision of remote indicators and alarms 
for certain important pressures and temperatures. 


Special requirements of nuclear power stations 

Certain of the instruments needed in a nuclear power 
station, apart from those associated with the reactor, 
have no direct counterparts in conventional stations. These 
instruments may be considered in two groups; those which 
are special in the sense that they are needed to make 
special measurements associated with nuclear reactors, and 
instruments which make normal chemical or physical 
measurements but are required in view of materials or 
operations employed in nuclear power stations and not in 
conventional stations. 


In the first group come the special instruments needed 
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for burst slug detection and flux scanning in the reactor, 
and also radiation instruments used to ensure the safety 
of the operatives. The largest item in the second group is 
the interlock and safety equipment which, without being 
either measurement or control equipment in the true sense, 
forms a very substantial part of the instrument installa- 
tion. The second group also includes instruments used in 
conjunction with fuel charging and discharging machines, 
and those associated with checking the composition of the 
CO, coolant. 


Burst slug detection gear 

As is well known, the fuel elements of nuclear reactors 
are sealed in suitable metal cans to protect the uranium 
from corrosion and prevent the escape of fission products 
which could contaminate radioactively the whole of the 
reactor and the coolant circuits. In view of the very dan- 
gerous character of even small quantities of certain long- 
lived fission products, it is essential that the fuel element 
cans should be free from the smallest crack or pin-hole 
and this initially ensured by rigorous inspection and testing 
before the elements are placed in the reactor. However, 
temperature changes, radiation to which the fuel element 
is subjected in the reactor, and the fissions occurring in- 
side it cause it to distort and eventually crack. 

The fracture of a can may occur at any time and if the 
faulty element is allowed to remain in the reactor it may 
quite rapidly cause the contamination of steam generators 
and other equipment outside the shield. This would lead 
to quite serious difficulties in access to the plant for 
Operating and maintenance staff and might prove very 
costly. Accordingly it is desirable that the presence and 
identity of any faulty fuel element should be determined 
as quickly as possible after a burst occurs. 


Grouping of pipes 

Several alternative methods for the detection of faulty 
cans have been considered (6), but that adopted in the 
Calder Hall reactors and those now being built for the 
CEA and SSEB is the sampling of the coolant gas in each 
fuel element channel and testing it for the presence of fis- 
sion products released by a burst. In view of the large 
number of channels in the core—1696 at Calder, from 
2600 to 3300 in the new power stations—this involves very 
large bundles of pipes, each usually about + in. dia, to be 
brought out through the pressure vessel wall. To reduce 
the bulk of instrumentation, .it is convenient to group these 
pipes and sample gas from each group in turn. At Calder, 
pipes are connected in fours to manual selector valves, the 
424 outlet pipes from which are taken to eight 53-way 
rotary valves. These valves are motor driven and remain 
connected to each inlet in turn for half a minute. A com- 
plete cycle takes 27 minutes as there is a 54th, blanked- 
off position used to check the calibration of the measuring 
equipment. 

The valves and all other equipment in the sampling sys- 
tem are designed for the full coolant pressure as the gas 
is returned to the inlets of the main blowers after testing, 
and these provide the suction needed to draw the samples 
through the system. 


Detection of fission products 

To detect a burst fuel element it is not sufficient merely 
to detect the presence of radioactive gases or dust in the 
sampled gas, since there will be a number of radioactive 
materials in the coolant in any case. These will include, for 
example, radioactive nitrogen formed from the oxygen pre- 
sent in the CO, by neutron absorption. However, there are 
among the fission products certain chemically inert gases, 
krypton and xenon, which decay radioactively to form 
solid daughter products which are themselves radioactive. 
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No other gases present behave in quite this way and these 
gases are unlikely to be formed in the reactor by any pro. 
cess other than fission. The collection of solid radioactive 
daughter products from a gas is thus an infallible indica. 
tion of the presence of fission products. This method also 
has the advantage that krypton and xenon are relatively 
plentiful among the fission products and, being gaseous, 
can escape readily from small apertures, thus making 
possible the early detection of slowly opening cracks in 
fuel element cans. 


Collection by electrostatic precipitation 

The method employed to collect the solid daughter pro- 
ducts is one of electrostatic precipitation, which is simpli- 
fied as the daughter products are formed from the parent 
gas in an ionized state. From each selector valve the gas 
samples pass through filters to remove radioactive and 
other dusts which might be collected in the precipitator. 
The gas is then cooled before it passes into the precipita- 
tion chamber. This consists of a cylindrical vessel in which 
there is a wire supported on insulated pulleys and main- 





Typical of health monitoring equipment is this meter for 
gammas. lon chamber is filled with argon at 2 atm. Similar 
instrument, BF; filled, is used for slow neutron monitoring 


tained at a potential of — 4000V relative to the case. Any 
daughter product atoms formed from fission product gases 
in the CO, after leaving the filter will, being positively 
charged, be attracted to the wire and will cling to it. The 
wire is driven by an electric motor outside the chamber 
and the drive is synchronized with that of the selector valve. 
As the valve changes over to sample from a new group of 
channels, the length of wire which has just been collecting 
ions is moved forward into another part of the chamber 
where it passes into the crystal detector of a scintillation 
counter. Then, while ions are being collected on the next 
section of wire from gas sampled from the next group of 
channels, the activity previously collected on the wire is 
measured by the scintillation counter in conjunction with 
an amplifier, a discriminator, and a ratemeter. 

In the Calder Hall system the results of the activity 
measurements are plotted by eight special 54-point re- 
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corders which produce each day a small graph of the level 
of activity in each group of four channels. This is done 
because, Owing to the variation of neutron flux from time 
to time and its uneven distribution across the reactor, it is 
not possible to set a particular level of activity at which 
warning shall be given that there is a burst fuel can. The 
presence Of a faulty element in a particular group of 
channels must be deduced from an upward trend in activity 
not accounted for by a change in neutron flux. 


Use of digital computer 

Certain of the new power stations are to employ an 
alternative system in which a small digital computer will 
compare present and past levels of activity and give a 
warning if it determines that the trend shows that there is 
a burst. The full results will then be printed out only 
when specially required. 

With the Calder system, means are provided for discon- 
necting the sample of a suspected group from the 53-way 
valve and connecting it directly to a separate precipitator 
with its own counter and a single-point recorder. The re- 
cord can then be watched continuously and the offending 
channel determined by operating a manual 4-way valve 
to select each channel alone in turn. 


Flux scanning equipment 

The neutron flux in a reactor core is not uniform and 
varies in all three dimensions. However, it is the aim of 
the reactor designer to obtain the most uniform distribu- 
tion possible to equalize the fuel burn-up and to make it 
possible to raise the overall heat output of the reactor 
without overheating elements in the centre of the core. 
The process of smoothing out the flux is known as ‘ flatten- 
ing’ and is done by adding pieces of neutron-absorbing 
material near the centre of the core or by moving depleted 
fuel elements into the middle while adding new elements at 
edges of the core. 

To measure the effectiveness of flattening it is necessary 
to scan the flux in the reactor. Where there is ready access 
to the core, the flux may be measured at a number of 
points using small fission counters or boron-coated ther- 
mopiles mounted on suitable probes. For a power produc- 
ing reactor, contained in a pressure vessel, the method used 
is to lower a number of weighted pure metal wires, usually 
tungsten, into the core and leave them there for a known 
period to become irradiated (7). The neutron irradiation of 
any wire will cause some of its atoms to become radio- 
active and the level of activity at each part of the wire 
will be proportional to the neutron flux in which it has 
been placed. Thus when the wire is withdrawn the ver- 
tical distribution of flux in the core can be determined 
from the distribution of activity along the length of the 
wire. The horizontal flux distribution can be determined 
by comparing the relative activity of similar wires placed 
in the core at different points on the same occasion for 
the same period of time. 


Scanning wire mechanism 
Since the measurements must be made when the reactor 
is on load, the method is complicated by the necessity to 
lower the wire into the core without breaking the seal 
of the pressure vessel. In practice, the scanning wire is 
wound on a drum enclosed in a heavy cast iron flask de- 
signed both to withstand the coolant pressure in the reactor 
and to shield personnel from radiation emitted by the 
wire after it has been irradiated. The flask is also provided 
with an electric motor to lower and raise the wire, and a 
magslip transmission system to indicate the wire position 
remotely. 

When the wire is to be lowered into the core, the flask 
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is fitted on a standpipe on top of the reactor and clamped 
in place making a pressure-tight joint. A valve can then 
be opened in the standpipe and the wire lowered in. After 
the required irradiation time has elapsed, the procedure can 
be reversed, and after the CO, in it has been purged to 
a ‘dirty coolant’ line the flask can be removed to a 
‘mortuary ’, carrying the irradiated wire. 

To measure the activity of the wire, the flask is placed 
on a special stand provided with a shielded hole deep enough 
to receive the whole length of wire. The wire is then paid 
out slowly so that it passes down from the flask through an 
annular ionization chamber or other radiation detector into 
the hole. The output from the radiation detector, suitably 
amplified, is fed to a special recorder, the chart drive of 
which is coupled to the magslip transmitting the position 
of the wire. By this means the distribution of activity 
along the wire, and hence the neutron flux distribution 
in the depth of the core, can be plotted in one operation. 


Health monitoring instruments 

Health monitoring instruments, being intended to measure 
nuclear radiations, are similar in design and operation to 
those used in the supervision and control of the reactor. 
They are, however, intended to detect much lower inten- 
sities of radiation than the full power reactor instruments, 





Extensively used for flow and pressure measurements is this 
type of force balance pressure transmitter, seen here with 
the cover removed 


and certain of the ionization chambers used as radiation 
detectors may be adapted by special fillings and screening 
to have responses to different kinds of radiation propor- 
tional to their effects on human tissue. 

A number of permanent health monitoring instruments 
are fixed in the working spaces around the reactor and 
one may, perhaps, be placed near each steam generator 
to give warning of radiation from the coolant. 

The remaining health instrumentation will consist of 
portable equipment used to warn personnel engaged on 
maintenance work near the reactor and other parts of the 
primary circuit, and for periodic surveys to check con- 
tamination. 


Interlocks and safety circuits 

It is necessary to provide a very extensive system of inter- 
locks and protective devices on a nuclear reactor for two 
main reasons. Firstly, any accident may have very serious 
consequences both in physical damage and injury to per- 
sons and in its effects on public opinion which is not yet 
accustomed to nuclear energy in terms unrelated to atomic 
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explosions. Secondly, nuclear radiations are not perceptible 
to human senses, and most of the control equipment of 
the reactor is concealed by the shielding surrounding it, 
so that it is impossible to get any impression of the state 
of the reactor except through the control instruments. This 
also is in contrast to a coal-fired boiler on which fans can 
be heard running, and the fire on the grate can be seen. 

The function of the interlocks is to ensure that the re- 
actor shall be operated in a safe manner and that each 
action, such as raising the control rods, shall be carried 
out only under the circumstances intended by the reactor 
designer and in the fashion calculated by him to be safe. 
The safety circuits and so-called ‘trips’ are intended to 
prevent damage to the reactor by shutting it down, and 
simulianeously giving audible warning, if a dangerous 
situation develops, either through maloperation or a fault 
in some piece of equipment (8). 

The safety circuits consist of a network of interconnected 
relay circuits which are coupled to alarm contacts in the 
various instruments and other devices which detect unsafe 
conditions. Since most of the control gear must be operated 
remotely, electrical controls are generally used and it is 
therefore most convenient for the interlock system to con- 
sist of a further series of relay circuits, coupled with the 
safety circuits and the devices to be operated. 


Emergency shut-down 
If an emergency occurs while the reactor is running, it 
can be shut down immediately by operating any one of 
several manual trip buitons situated in the control room 
and in working spaces near the reactor. The principal con- 
ditions which are arranged to cause the shut-off rods to 
drop into the reactor automatically are excessive or too 
rapidly rising neutron flux, the complete or almost com- 
plete failure of the coolant circulation, and loss of power 
supply to the control rod actuators or the vital measuring 
instruments. As it is essential that the safety circuits and 
relays shall operate to save the reactor promptly under all 
circumstances, alarms are signalled by breaking electric 
circuits rather than making them, and each alarm is made 
by breaking one or more circuits in at least two indepen- 
dent ways. Furthermore, each detector or measuring device 
must be designed to ‘fail safe’ so that a trip will be 
caused if the device itself breaks down or is disconnected. 
In a nuclear power station it is essential that the re- 
actor shall be kept running continuously so far as pos- 
sible, except when there is a genuine cause for a shut- 
down associated with the reactor itself. To overcome the 
problem of frequent trips due to the failure of valves etc 
in vulnerable electronic apparatus, a two out of three sys- 
tem is adopted for neutron flux measuring equipment and 
similar items. With this system three similar instruments 
are provided for each measurement and two must give an 
alarm simultaneously for a trip to occur. This means that 
one instrument may break down or be removed for ser- 
vicing without causing a trip. The reactor is still protected, 
however, as the operation of either of the remaining in- 
struments alone will then cause a shut-down (/). 


Charging machine instruments 

In some designs of on-load fuel charging and discharging 
machines at present envisaged, the operator rides on the 
machine, while in others he operates it from a remote 
control room. The shielding provided to protect him from 
radiation will make it impossible for him to watch the 
operation of the parts of his machine, and special instru- 
ments will be needed to monitor their working. 


Conventional instruments such as pressure gauges and 
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transmitters, ammeters and volimeters, will be used to 
verify the opening and closing of standpipe valves etc on 
the reactor, and the operation of electric motors on the 
machines. Standard movement-transmission systems using 
a.c. or d.c. resistance transmitters or magslips will be used 
to check the positioning of the machines relative to re. 
actor standpipes and the movement of fuel element lifting 
gear etc. Other methods may also be used: for instance. 
it is intended that the operator of the charge machine in 
one station about to be constructed shall align his machine 
by watching gauge marks made visible to him in a distant 
control room by closed-circuit television. 

Television is also to be used in watching the internal 
operation of charge and discharge machines and in mak. 
ing periodic inspections of the inside of the reactor or 
other equipment where there are radiation hazards. The 
latter inspections will probably also be carried out in con- 
junction with the charge/discharge machine or reactor ser- 
vicing machine, and may augment the use of the more 
common optical introscopes. 


Coolant monitoring instruments | 

A number of conventional instruments, pressure gauges, 
thermometers, and flowmeters, are used on the refrigerating 
and evaporating plants associated with the storage and 
supply of make-up CO, to the coolant. There are also gas 
analysis instruments monitoring the carbon monoxide con- 
tent of the coolant and supervising the blending of CO with 
the CO, make-up, to maintain correct conditions for the 
minimum growth or erosion of the graphite in the reactor 


Leak detectors giving warning of faulty tubes in the 
h.p. and I.p. sections of the heat exchangers are essential. 
Either one or two instruments will be needed according 
to the system pressures. 

At Calder, two instruments are used (9), (3), one moni- 
toring the coolant for water vapour released by leaks in 
the h.p. system, and the other monitoring condensed steam 
from the I.p. superheater for CO,. This is necessary as the 
coolant pressure is intermediate between the h.p. and 
l.p. steam pressures. At Bradwell for instance the second 
instrument will not be required. 

As the pressure of the coolant varies with its tempera- 
ture, leakage of coolant cannot be reliably detected by 
measuring its static pressure alone. To give warning of 
sudden leaks, a system measuring rate of change of pres- 
sure is used. This is done by using a differential pressure 
transmitter which measures the pressure difference across a 
throttle in a pipeline connecting a capacity tank—a num- 
ber of gas cylinders—to the main coolant circuit. When 
the system pressure falls quickly, gas must flow out from 
the capacity tank, thus producing a differential pressure 
across the throttle and giving rise to a signal which can 
sound alarms, close emergency valves, or trip the reactor 
if necessary. 


References 


1 Gillespie, A. B., Control and Instrumentation of a Nuclear Reactor. Proc 
1.E.E., Vol 103, Pt B. No 11 (Sept 1956). 

2 Abson, W., and Wade, F. Nuclear Reactor Control lonization Chambers. 
Proc. 1.E.E., Vol 103, Pt B, No 11 (Sept 1956). 

3 Cox, R. J., and Sandiford, K. R. Reactor Control and Instrumentation. 
J.Brit. Nuclear Energy Conference, Vol 2, No 2 (April 1957). 

4 Cox, R. J., Automatic Start-up of Nuclear Reactors. Transactions of Pro- 
fessional Group on Nuclear Science of Institute of Radio Engineers, Vol 
NS-3, No 1 (Feb 1956). 

5 Cox, R. J., An Introduction to Control of Nuclear Reactors, NUCLEAR 
POWER, Vol 1, Nos 3 and 4 (July and August 1956). 

6 Long, E., Laithwaite, J. M., and Cunningham, K. W. Detection of Faulty 
Fuel Elements. J.Brit. Nuclear Energy Conference, Vol 2, No 2 (April 1957). 

7 Moore, R. V. The Design and Construction of the Plant. J.Brit. Nuclear 
Energy Conference. Vol. 2, No 2 (April 1957). 

8 Anderson, E., and Bowen, J. H. System Control and Protection. J Brit. 
Nuclear Energy Conference. Vol 2, No 2 (April 1957). 

9 Morris, H., and Wootton, W. R. Design and construction of the heat 
exchangers. J.Brit. Nuclear Energy Conference. Vol 2, No 2 (April 1957). 





NUCLEAR POWER NOVEMBER 





1957 











i i i a, i 


a. a ait, pe 























































d to 
C On 
| the 
Ising 
used 
> re- 
fting 
ance 
ne in 
chine 
stant 


erna| 
mak- 
rr or 

The 
con 

ser 
nore 


1Uges 
rating 
> and 
50 gas 
- CON 
) with 
yr the 
‘actor 
in the 
ential 
ording 


moni- 
aks in 
steam 
as the 
. and 
second 


npera- 
ted by 
ing of 
f pres: 
ressure 
cross a 
. num- 
When 
t from 
ressure 
ch can 
reactor 


tor. Proc 


“hambers 





mentation 


s of Pro- 


ieers, Vol 
NUCLEAR 
of Faulty 
pril 1957) 
|. Nuclear 
om. J Brit 


the heat 
pril 1957) 


An extension bay at the end of the main bend- 
ing and welding shop houses a new high-lift- 
boom Unionmelt welding machine capable of 
inner and outer longitudinal and circumferential 
welds in 18 ft-dia. shells, such as are used for 
Berkeley heat exchangers. Maximum welding 
current is 2000 amps and it can weld 2} in.-thick 
plate by one pass each side. Ward-Leonard 
rotating gears are employed to provide fast 
setting-up 


Boilers and pressure 
vessels for nuclear 
power stations 


The John Thompson works 


ONE HUNDRED AND THIRTY years ago a small 
engineering shop was set up in Wolverhampton by John 
Thompson, Today, under the direction of his descendants, 
the John Thompson Group includes 17 companies in the 
UK and employs 7000 men. Most of the firms are located 
in the Ettingshall district of Wolverhampton and the works 
there cover 65 acres. Last month NUCLEAR POWER was in- 
vited to visit the Company to see something of the adapta- 
tion and extensions undertaken during recent years to cope 
with its rapidly growing nuclear energy activities, which has 
included work for the AEA at Harwell, Springfields, 
Capenhurst, Windscale, Aldermaston and Dounreay. 

At present the main sphere of activity is in the manu- 
facture of reactor vessels and boilers for the Berkeley 
nuclear power station (Refs /, 2). This is being built for 
the Central Electricity Authority by the AEI-John Thomp- 
son Nuclear Energy Co Ltd, Thompsons being of course 
the boilermaking part of the group. 


Fabrication in steel, stainless steel, aluminium 

The firms are however involved in nuclear energy on their 
own account and were responsible for all the primary and 
secondary heat exchanger systems for the Dounreay Fast 
Breeder Reactor (Ref 3). This work is now very nearly 
finished, only a few items of stainless steel fabrication still 
going through the works. In particular, an interesting item 
seen was the electric annealing of fabricated stainless steel 
pipe bends. Thompsons also work in aluminium and a 
good example of this is the lead-lined shield with built-in 
cooling coils for the AEI research reactor MERLIN which is 
being built for home and overseas. Extensive pipework 
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fabrication for diffusion plants is also being undertaken in 
this metal. 

Design work is done in the Nuclear Engineering Deve- 
lopment Department which is housed in a new building. 
Applied research is carried out in the Group Research 
Laboratories, a feature of which is a heat transfer rig for 
testing finned and plain tube packs for nuclear and other 
boilers. This consists of a horizontal rectangular-section 
duct with a removable test section. Air is supplied by a 
forced draught fan and heat by an oil-fired combustor. Hot 
water from the test pack is passed to a cooling tower. In 
these laboratories was seen a new form of composite heat 
exchanger tubing for liquid-metal / water applications, using 
a pressurized gas blanket in the annulus. 


Heat exchangers for Berkeley 

The Berkeley boiler shells are made of five 18 ft diameter 
cylindrical courses completed to a height of 70 ft by 
hemispherical ends. The cylindrical sections are made from 
two 1} in. plates cold roll-formed to shape and then fusion 
welded along the longitudinal seams using Unionmelt sub- 
merged-arc welding machines. For this, a new high-lift 
boom Unionmelt machine has been built, capable of both 
inner and outer fusion runs in the shells. A new oil-fired 
annealing furnace measuring 45 ft by 22 ft by 22 ft has 
also been installed for stress-relieving these boiler sections 
after welding. 

The domed ends are built up from petal plates, pressed 
in the boiler shop and welded in special jigs. They incor- 
porate 5 ft dia., 6 in. thick compensator rings for con- 
nexion to the gas ducts. 




























This 50 ft-dia. band of 3 in.-thick plates will be one of five similar rings which form 


the cylindrical section of the first Berkeley reactor vessel. The plates have been roll-formed 

in the heavy bending shop and are now trial assembled on concrete plinths outside the shop. 

The band will be dismantled and the plates transported to Berkeley site, where they will 

be welded into position on the lower bowl section of the vessel which has already been 

constructed. By the addition of four more similar bands and afterwards, the top domed 

section, the vessel will grow simultaneously with reactor house building to its height of 
80 ft and weight of approximately 1000 tons 


After grinding in a special rig, the sections are all 
examined in a new X-ray department. This consists of two 
bays separated from the shop by lead-lined tilting doors 
and from each other by a control and processing dark 
room. The 250kW X-ray machines are mounted on special 
gantries and can scan all the seams on the cylindrical and 
domed sections. Further operations on the cylindrical sec- 
tions include flamecutting the ports and welding in thermal 
sleeves for pipework connexions. On completion, the heat 
exchanger sections are taken to Berkeley where they are 
circumferentially welded together to class 1 standards and 
stress-relieved. 

The 5 ft dia. gas ducts will also be made at Wolverhamp- 
ton together with the bellows expansion joints. The convo- 
lutions are rolled on hot in a manner similar to that used 
for making Lancashire boiler furnace tubes. A completed 
Berkeley bellows joint was shown. 


Berkeley pressure vessels 
The reactor pressure vessels are of course very much 
larger components and are being completely assembled at 
the site. With overall dimensions of 50 ft dia. by 80 ft 
high the shells are made in 3 in. thick special steel. The 
cylindrical portion is made up of five courses each con- 
sisting of eight plates, surmounted top and bottom by 
ellipsoidal ends. Each of these plates weighs about 10 tons. 
Domed end sections are made up from pressed petal 
plates and the cylindrical courses from roll-formed plates. 
All edges are weld-prepared, the operation on the pressed 
petal plates being carried out by a new pendulum flame- 
planing machine developed by Thompsons. Trial assembly 
of the cylindrical courses is carried out in the open on a 
circle of concrete plinths, that of the ends on a 50 ft dia. 
jig in the newly-equipped fabricating shop. In all, sixteen 
boilers and two reactor vessels are required for the 
Berkeley station. 
Steam drums for Berkeley are of conventional rolled 
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and fusion welded construction. Extended surface boiler 
tubing chosen for Berkeley is ICI /ntegron similar to that 
used at Bradwell. This is of mild steel with separate fins 
formed by a roll extrusion process (Ref 4). Assembly of 
the tubing—and of the plain tubing used in the superheater 
sections—into packs for fitting into the boiler shells is 
related to the firms’ work on John Thompson-La Mont 
forced circulation boilers and will be carried out in this 
department which has been augmented by the addition of 
a new shop of 12,000 sq ft. 


Fuelling machines 

The firm are also responsible for the reactor charging and 
discharging machines and these will be built by the John 
Thompson Ordnance company, which now has new 
premises covering about 49,000 sq ft. So far no details 
have been released of these machines but they involve pre- 
cision machining of the highest order, and a prototype 
has been undergoing development for the last eight 
months. Nuclear work already done by this company in- 
cludes the core vessel for the Dounreay fast reactor. In 
this shop were seen some examples of the rocker gear for 
supporting the Berkeley pressure vessels. 

Another Thompson company—the John Thompson 
Instrument Company—is also involved in nuclear energy 
and has recently added a new panel shop. Here is being 
produced complete instrument panels for the heat exchange 
plant at Dounreay and for the second uranium plant at 
Springfields. 

Sir Edward Thompson, the company chairman, said in 
welcoming the guests, that most of their products now 
depend on welding and in fact Thompsons were the first 
to have been approved by Lloyd’s for Class 1 work. The 
works now includes a welding research department which 
serves all the group activities. Large numbers of specimens 
in 3 in. plate were made up and tested in order to arrive 
at the most satisfactory form of edge-preparation for the 
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New X-ray bays, with central control room 
between, have been built on to the heavy 
assembly and welding shop. Sections of heat 
exchangers 18 ft in diameter are moved in on 
railed trolleys and their welds examined by 
gantry-mounted 250 kV Newton Victor X-ray 
sets. This is one of the two bays 


horizontal and vertical welds on the Berkeley vessels. In 
addition, the department has the responsibility for deve- 
loping new welding machines and devices to suit special 
purposes. The department also includes a welding school 
in which men are equipped to meet the stringent require- 
ments of nuclear energy projects. 


Impact of nuclear energy on conventional engineering 
Atomic power is of courses still only a part of Thomp- 
son’s activities and a feature of their outlook is that these 
projects are handled as far as possible alongside the com- 
pany’s work in conventional boilers and other industrial 
plant. Integration in this way, say the company, produces 
two important results. Firstly, it enables the full economic 
utilization of certain heavy expensive capital equipment ; 
secondly, by the use of high-grade machines and labour 
necessary for the manufacture of nuclear plant, the quality 
of conventional plant is raised even higher. Thus one thing 
affects the other: nuclear engineering would have been 
impossible without a thoroughly sound basis in conven- 
tional techniques, but in turn the nuclear work opens new 
opportunities for advancement in conventional engineer- 
ing. 

Manufacturing resources now available at John Thomp- 
son’s are claimed to be adequate to commence one gas- 
cooled reactor project of the Berkeley type, or bigger, a 
year. The firm say that considering this in relation to the 
Government’s 6000MW-by-1965 plan it is clear that they 
could cater for some overseas contracts during this period. 
They recognize that this might not necessarily be for 
complete heat exchangers and pressure vessels as at 
Berkeley, but might involve design work, technical assist- 
ance and specialized items. 
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Ring sections of heat exchangers, 18 ft in diameter, 1} in. 
thick plate, are brought from the heavy bending and weld- 
ing department into this adjacent shop, where they have 
their welded seams ground down for X-ray _ inspection. 
Holes for the thermal sleeve connexions to steam pipework 
are flamecut and sleeves fitted and welded. The sections 
are then stress-relieved in the new furnace, which can be 
seen in the left background 



















































An example of a plain tube pack for the 

Berkeley nuclear power station heat ex- 

changers. These packs and similar units, built 

up of finned tubes, are transported to site 
for assembly 





The new annealing furnace, 22 ft by 22 ft by 45 ft internal 
dimensions, situated in a new extension adjacent to the heavy 
bending, welding and assembling shops is used for stress-re- 
lieving 18 ft diameter sections of nuclear heat exchangers 











NUCLEAR GRAPHITE 


Highlights of the recent SCI symposium 


GRAPHITE has so far been used more extensively than 
any other material as moderator in reactors. Its prepara- 
tion and purification on a large scale and the physical, 
mechanical and chemical properties of nuclear graphite are 
therefore under extensive study in this country, in the 
States and in Europe. In a conference organized by the 
Society of Chemical Industry on Industrial Carbon and 
Graphite and held in London from September 24-26, a 
complete session was devoted to graphite in the nuclear 
power industry, with Sir John Cockcroft as chairman. 

The first essentials of a good moderator are an ability to 
slow down fission neutrons to thermal energies as quickly 
as possible and a low neutron absorption cross section. 
These requirements were discussed by E. E. Lockett (Har- 
well) in an excellent introductory paper The use of graphite 
as a moderator in nuclear reactors. Although on nuclear 
grounds, graphite is the worst of the moderators for use 
with natural uranium, from the engineering and economic 
point of view it has many advantages, especially for com- 
mercial reactors. Beryllium and beryllia, which are better 
moderators if sufficiently pure, would be prohibitively 
expensive in the large amounts needed for natural uranium 
system. They may, however, be preferred for enriched 
thermal or intermediate energy reactors. The main advan- 
tages of graphite are its availability, its cheapness, its good 
machining and mechanical properties and its good thermal 
conductivity. Its chief drawbacks are that, without enrich- 
ment, it requires a very large system with high capital 
costs, that choice of coolant and canning material is 
limited to those with very low neutron absorption, and 
that it is subject to radiation damage and porous to gases 
and liquids. Its compatibility with coolants and other 
materials is also a serious consideration; but these diffi- 
culties are probably no worse than for other moderators. 

Compatibility problems of graphite moderators were 
discussed in more detail by A. B. McIntosh, W. G. 
O'Driscoll and C. Tyzack (UKAEA, Culcheth). In 
advanced gas-cooled reactors, transfer of carbon from the 
graphite to the gas is a main consideration and mass trans- 
fer could result in decreased pile reactivity. Structural 
effects could also arise if the load-bearing characteristics 
of the core blocks were seriously impaired. The effect of 
radiation on the graphite/CO, reaction was tested by 
experiments on BEPO, reproducing as nearly as possible 
the conditions in an average Calder fuel channel. The net 
loss of carbon from the irradiated graphite was measurable 
but not excessive when extrapolated to Calder conditions. 


Protection against oxidation 

At the higher operating temperatures and fluxes required 
in advanced reactors, the graphite must be protected from 
gaseous coolants without affecting the neutron economy of 
the core. A number of metal and ceramic coatings have 
been investigated, their efficiency being assessed by com- 
parison of their oxidation rates with control specimens in 
systems slowly purged with carbon dioxide. Test tempera- 
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ture was 700°C. Two treatments showed promise: a layer 
of high-density graphite, deposited by cracking a gaseous 
hydrocarbon on to the heated specimen; and the gas- 
phase deposition of a layer of silicon carbide, a treatment 
developed by the Morgan Crucible Co Ltd. Results of the 
first method are shown in fig 1 and are for specimens not 
under irradiation. 

Another approach taken at Culcheth aims to inhibit the 
graphite/ gas reaction, and the introduction of small quan- 
tities of phosphorous compounds into graphite effectively 
reduces its rate of oxidation in CO,,. 

The authors found that at temperatures above 450°, 
sodium penetrates into the graphite pores, causing swelling 
and cracking of the graphite structure. It has never been 
clear why the sodium/graphite contact angle should change 
trom a non-wetting to a wetting angle at this temperature. 
During the discussion on this paper, J. B. Lewis reported 
on some very recent work at Harwell, giving evidence for 
the formation of an actual sodium graphite compound 


Contact angle between liquid sodium and graphite is mea- 

sured in this apparatus at Harwell with cross-wired telescope. 

Sodium is forced on to graphite disc along the lagged pipe 

by slightly pressurizing with purified helium. Photograph by 
Dr R. C. Asher, Harwell 
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Fig 1 Oxidation at 700° of specimen coated with high- 
density graphite 
O uncoated central specimen 
@ specimen coated with high-density graphite 


under these conditions. An exact structural formula has 
not been worked out, but the compound appears to be 
lammellar. 


Defects produced by irradiation 

Neutron irradiation has considerable effect on the physical 
properties of graphite, due to three types of defects: 
single interstitial atoms, interstitial complexes and vacant 
lattice sites, produced by displacement of atoms by neu- 
tron collisions. These effects were discussed by J. H. W. 
Simmons (Harwell) and the effect of high temperature and 
irradiation by John E. Hove (Atomics International). 
Defects produced by irradiation are modified by thermal 
annealing which takes place during irradiation. Properties 
of artificial graphite depend on the size and orientation of 
the crystallites and on the grain structure. Some proper- 
ties, such as conduction parameters, stored energy and 
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Fig 2 Thermal conductivity as a function of neutron irradia- 
tion at various low temperatures 


X-ray diffraction parameters, give fairly direct information 
about lattice processes, while others, such as thermal ex- 
pansion and irradiation growth, are structure sensitive and 
require considerable interpretation. 

The effects of radiation annealing can be strikingly 
large. Hove gave as an example a graph showing the ther- 
mal conductivity of graphite, measured at room tempera- 
ture, as a function of irradiation at various temperatures 
(fig 2). As a comparison, the values obtained by thermally 
annealing samples irradiated at room temperature are also 
given. The unit of megawatt-day (MWD) is approximately 
equal to an integrated flux of 2 < 10" fast neutrons per 
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cm?. It shows that fairly high irradiation at about 400° 
produces a change in thermal conductivity less by a factor 
of ten or more than would be expected from thermal 
annealing alone. 


Manufacture by industrial graphitization 

Developments in reactor technology have led to increased 
demands for graphite moderators of very high purity. In 
addition to the obvious requirement of low absorption 
cross-section, in some applications impurities, such as 
adsorbed hydrogen, might attack other reactor compon- 
ents. The French and American approaches to the prepara- 
tion of nuclear graphite in large quantities were described, 
but there was no paper from British industry on this 
important topic. Experimental work only was described 
in’a paper by M. S. T. Price and F. W. Yeats on the 
Harwell graphite plant, which has been designed to pro- 
cess batches of 2501b of raw materials. 

There are three ways of obtaining pure graphite: by 
using pure raw materials or by purification of ordinary 
raw material, eliminating all impurities at each stage of 
an otherwise classical manufacturing process; by purifica- 
tion of ordinary graphite; or by purification during indus- 
trial graphitization, the classical technique being modified 
as little as possible. The process chosen and patented by 
the Société Pechiney, Paris, and described by P. Cornuault 
and H. des Rochettes in their paper Problémes posés par la 
fabrication du graphite nucléaire, is based on the third 
approach. It consists in treatment of the base material by 
halogen vapour at high temperatures. For this process, 
the authors state that choice of raw material is unimpor- 
tant, and they have, for example, used industrial coke and 
commercial pitch. This is in strong contrast to both British 
and American opinion. For instance, Price and Yeats 
stated that ‘the properties of all carbon artefacts are 
highly dependent on the raw carbonaceous materials used.’ 
C. A. Odening and J. C. Bowman, of the National Carbon 
Co, Ohio, in their paper Gas purification of graphite, 
stated that certain properties of the base carbon or graphite 
are critical. These include the original impurity level, 
permeability, and size. They showed that ‘large concen- 
trations of initial impurities are to be avoided, and that 
there is a definite trend towards purity at lower 
densities.’ 


Use of Acheson furnace 

In the French process, the coke is broken, screened, and 
made into a paste of 77 parts coke to 23 parts pitch at 
150°C, The mixture is extruded into bars at about 100°C. 
The simultaneous graphitization and purification process is 
performed in an Acheson resistance furnace, used for 
making ordinary graphite, with specially modified mount- 
ing. The halogen is in the form of an organic or mineral 
compound, particular use having been made of sodium 
fluoride. Vaporization occurs when the temperature is at 
least 2000°C, when, in the presence of fluorine vapour, 
boron impurity is eliminated. 

Industrial graphite prepared without any special pre- 
cautions, and using coke with a small ash content, has a 
capture cross-section of 44 millibarns; with a screen 
between the resistor and the thermal installation, the value 
is 4-2 to 4-3 mb, with the method described, 3-6 to 3:7 mb. 
These results take account of the absorbed nitrogen. 
Detailed analysis of the final product gives the capture 
cross-section of carbon as 3-2 = 0:2 mb. 

The process used at the National Carbon Co and des- 
cribed by Odening and Bowman also used a modified 
Acheson furnace (fig 3). Halogen gas is carried to the 
bottom of the furnace charge, the impurities converted to 
volatile halides and collected in fume hoods. All packing 
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Fig 3 Packing of modified Acheson furnace used at National 
Carbon Co 


1, 2, 5, insulated areas consisting of a low permeability mix- 
ture of coke particles and flour 


1, 4 particles only, allowing free passage of gas 


and insulation is processed from petroleum coke. Purity 
levels achieved were measured by reactivity tests in the 
Hanford test reactor, with grade AGOT graphite, which is 
considered a standard for graphite moderators in America, 
as reference material. Reactivity attributable to the 
material is the inverse of the time to reach criticality. 
Results are expressed as DIH values (differential inverse 
hours), being the difference between the reactivities of the 
specimen and the reference material. The table shows the 
results of various types of processing: 


Thermal neutron- 





Grade DIH (in hours) capture cross- 
section, millibarns 

AGX or CS 0°85 57 

AGOT 0 4°94 

TSP + 0°85 4°14 

GBF 100 4°00 


The neutron-capture cross-section was calculated from 
DIH values and the reactor flux distribution. Grade AGX 
or CS represents standard, fine-grained, unpurified graphite. 
By definition, grade AGOT has a DIH of zero, grade TSP 
is purified with chlorine and grade GBF with Freon-12, 
which decomposes at high temperatures to give free 
chlorine and fluorine. Individual DIH values for GBF in 
the range |-1 to 1:2 have been recorded. On the relative 
merits of chlorine and Freon-12, the authors reported that 
present data indicate chlorine to be more effective on all 
impurities except boron, and that the fluorine released by 
Freon is a specific for boron. In the runs made using this 
gas, no traces of boron remained within the sensitivity of 
the spectroscopic method of testing used. 


Experimental work at Harwell 

The Harwell experimental graphite plant was described in 
considerable detail by Price and Yeats: only an outline 
can be given here. Standard material for the experiment 
were 4 in. dia, 18 in. long extruded rods, although the 
plant could accommodate other sizes. In order to study 
the many problems involved, it was essential to break 
the process down as far as possible into distinct unit 
operations which can be studied separately. The flow sheet 
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selected as a basis (fig 4) has more individual stages than 
an industrial process. To analyse the unit operations, maxi- 
mum use was made of instruments. 


An unconventional furnace was used for graphitization. 
The heating chamber was bounded by a set of six-phase, 
delta-connected, graphite hairpin-type heating elements 
arranged in a hexagon. A graphite reflector surrounded the 
resistor elements which also contained the lampblack 
thermal insulation. Furnace casing was a vacuum-tight 
mild steel container. Furnace temperature was controlled 
by a total-radiation pyrometer. 

A wide variety of materials has been processed in the 
plant, the mixing and extrusion temperatures, and the ex- 
trusion speeds and temperatures, having also been varied. 
Experience has shown that there is no advantage in baking 
above 1000°, and much lower final baking temperatures 
can be used without detriment to the graphitized product. 
Other difficulties, such as inadequacy of the impregnation 
vessel and minor troubles in the gas purification system of 
the graphitizing furnace, have not proved difficult to 
correct. 

Primary function of the plant is to study the effect of 
variations in raw materials and processing on the proper- 
ties of the final carbon and graphite. Two examples were 
quoted: the effect of tamping before extrusion, and the 
effect of baking under pneumatic pressure, on the product 
density. Figures quoted showed that vacuum tamping 
significantly increases the bulk density of the extrusion. 
The density difference between vacuum and non-vacuum 
tamped extrusions is slightly narrowed on baking and 
graphitizing since the lower-density samples exhibit a 
greater bulk shrinkage, but this still remains significant. In 
pressure baked samples, the weight loss was extremely uni- 
form, and there was a significant difference in shrinkage 
between samples subject to pressurized and non-pressurized 





Heating chamber of Harwell experimental plant is shown 
with charge inserted. Six heating elements can be seen in 
hexagonal formation 
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conditions. Alloying vacuum tamping to pressure baking, 
a density gain of at least 0-10 g/cc was obtained com- 
pared with conventional procedures when _ processing 
orthodox material of green density, say, 1-76 g/cc. in 
this way, a final graphite density of 1:75 g/cc has been 
achieved without impregnation. 


Importance of density 

Graphite density and purity received consideration from 
several authors during the conference. The theoretical 
density of carbon is 2:27 g/cc, but due to its method of 
production, reactor graphite has densities of only between 
16 and 1-75 g/cc. Cornuault and Rochettes reported re- 
sults showing the influence of the coke used, the presence 
of oil during extrusion, introduction of lampblack to the 
carbon paste, impregnation with pitch, and pre-extrusion. 
Densities up to 1-75 have been achieved using petroleum 
coke with original density 2-054. During discussion at one 
of the sessions, Odening and Bowman said that high 
density nuclear graphite, 1-88 to 1:90 g/cc is now available 
on the American market at four times the price of normal 
nuclear graphite. They announced that densities of 1-88 to 
1:93 would shortly be available at only twice the normal 
price. 

Lockett discussed the value of an increase in density. 
Ideally the graphite density should be known before the 
reactor is designed, so that it may be used to the best 
advantage. For instance, with an increase in density, it is 
possible to reduce the lattice spacing of the reactor so that 
the resonance escape probability, p, the thermal utilization, 
f, and reproduction constant, k,, are essentially un- 
changed, but the migration length, Mp, is significantly re- 
duced. For a typical case, an increase in density of 0:1 
g/cc will reduce Mp by about 5 pct, and increase the 
specific heat output by about 6 pct. 


Practical purity limit reached 
As regards improvement in graphite purity, a decrease of 
0-:0005 barns gives an increase in k,, of about 1 pct due 
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to the change in f. Due to careful selection of raw 
materials and control of fabrication, the cross-section of 
British reactor graphite has been reduced from about 
0-0048 to about 0-0040 barns in the last ten years. As 
that for pure carbon is 0:0035 barns, Lockett considered 
it unlikely that very much improvement could be obtained 
without an unjustifiable increase in cost. The size of the 
CEA stations must be fixed some years before operation, 
but any unexpected increase in reactivity as a result of 
improved graphite quality can still be usefully employed 
in longer burn-up of fuel. This would reduce the cost of 
electricity. 

Advanced reactors receiving considerable attention in 
this country are the sodium-cooled heterogeneous reactor 
and the semi-homogeneous, high-temperature, gas-cooled 
system. For these impermeable graphite will probably be 
needed, as it must retain fission products in the fuel ele- 
ments or prevent them or coolant entering the moderator. 


Precise knowledge of properties needed 

In a review of the existing data on the physical and mech- 
anical properties of graphite, A. B. McIntosh, T. J. Heal 
and A. Cowan (Culcheth), concluded that our present 
knowledge of British graphite is inadequate for designing 
advanced thermal reactors. Mean values of properties were 
sufficient for Windscale and Calder but more precise 
knowledge will be needed to assess the limits to which it 
can safely be used and the need for development work 
aimed at improved material. The anisotropic structure of 
graphite and the method of production give grounds for 
expecting directional and positional variation in properties, 
but present inspection procedures provide little evidence 
on this. More detailed knowledge of the basic material 
is expected to emerge from the present investigation pro- 
gramme at Culcheth, allowing assessment of factors ex- 
ternal to the basic structure and method of production, 
such as irradiation damage, surface protection, oxidation 
and impregnation. 









EQUIPMENT 


Scintillation castle for wide variety of jobs 


A new type of universal scintillation 
castle has been introduced by Panax 
Ltd. It provides at least 14 in. of lead 
protection in all directions around the 
scintillation detector and photomultiplier 
tube. Samples, which may be in dishes 
or on planchettes, are introduced into 
the castle on a carrying slide which can 
be placed at different distances from the 
detector. With the door closed, the castle 
is light-tight and an e.h.t. interlocking 
switch on the door safeguards the photo- 
multiplier in applications ‘n which the 
detector is not encapsulated. The castle 
can be inverted so that a very flexible 
instrument is available for a wide vari- 
ety of applications, some examples of 
which are as follows: 

1. Gamma ray emitters. Provision is 
made for fitting a large encapsulated 
crystal (e.g. NalI-Tl) in contact with the 
photomultiplier in a completely light- 
tight assembly. Samples in liquid and 
solid form are placed above the detector. 
By using the alternative positions for 
the sample carrier, absorbers can be in- 
troduced between the sample and crystal. 
Approximate figures for the performance 
of the instrument with an Nal-TI crystal 





Interlocking switch on door protects 
photomultiplier. Unit behind is pre- 
amplifier and cathode follower 


are: Background approximately 80-100 
c/min; Sensitivity for iodine-131 as- 
sayed in 10 ml. of solution, approxi- 
mately 150 c/min per 0001 microcurie. 
2. Liquid scintillators for soft beta ray 
emitters. The castle can be arranged with 


Frequency and time measurement set 


Venner Electronics are now in produc- 
tion with a transistorized frequency and 
time measuring equipment incorporating 
plug-in units. It is claimed to be ex- 
tremely versatile and capable of measur- 
ing any frequency in the range 10 c/s to 
50 kce/s, the period of any waveform 
from 000001 c/s to 10 kc/s, and the 
time interval between two consecutive 
pulses from the same or independent 
sources from 1/10,000th of a second to 
114 days. It can also be used to deter- 
mine the open or closed time of a pair 
of contacts in the same time range. Digi- 
tal presentation is employed, the indica- 
tor for each decade being a meter 
calibrated from 0-9. 

When set to measure frequency, any 
of three gating times may be selected, 
O'l second, | second or 10 seconds. The 
count of the unknown frequency will 
then be carried out for any of the selec- 
ted periods. In this way, the frequency 
to one decimal place may be determined. 
Six standard output frequencies are avail- 
able by depressing the test switch. An 
automatic timer is fitted so that repetitive 
measurements may, if desired, be made 
without the equipment being operated by 
hand. The display time is variable from 
O'S of a second to 5 seconds. 

When set to period measurement the 
internal 10 ke/s crystal oscillator is 
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counted for the duration of one input 
cycle of the unknown frequency. In 
this way, an extremely high order of 
accuracy can be obtained for frequencies 
of from 0°00001 c/s to 100 c/s. 

With the equipment set to Pulse In- 
terval timing the two inputs provided 
become operative and a pulse fed to the 
start socket opens an internal gate per- 
mitting the feeding of any of the six 
internal frequencies to the counting 
stages. 

The contact timing position on the 
function selector enables ten different 
types of timing to be carried out from 
virtually any combination of contacts. 
It will, for example, measure the closed 
or open time of a single pair of contacts 
or the interval between one pair of con- 
tacts closing or opening and another pair 
of contacts opening or closing. Once 
more, any of the six internal time bases 
may be selected. 

The techniques used in this equipment 
are digital throughout, both as regards 
the counting and the divide-down stages. 
It is believed that this is one of the most 
versatile frequency and time measuring 
equipments developed anywhere in the 
world. 

Venner Electronics Ltd, 


Kingston By-Pass, 
New Malden, Surrey 


a light guide mounted on the photomulti- 
plier. A glass dish containing the liquid 
scintillator can be lowered on to the top 
of the light guide when the carrying slide 
is fully inserted. The e.h.t. interlock on 
the door enables the samples to be 
changed in normal room lighting without 
alteration of the e.h.t. setting. 

3. Moderate energy beta ray and soft 
gamma ray emitters. For these app!ica- 
tions the castle can be inverted and a 
plastic or an encapsulated crystal with a 
thin window can be used to give the 
minimum absorber between the detector 
and the sample mounted below it. Since 
crystals up to 1} in. diameter can be 
used, the sensitivity for beta counting 
would compare favourably with that of 
end window geiger counters. 

A unit containing a variable gain pre- 
amplifier with cathode follower output 
is mounted behind the castle. This unit 
combined with the photomultiplier and 
crystal housing will be used with suitable 
collimators in a directional counter. 


Panax Equipment Ltd, 
173 London Road, 
Mitcham, Surrey 


h.p. solenoid valve 





Solenoid energization can open or 
close valve as required 


A solenoid valve designed to handle 
large flows at very high pressures was re- 
cently announced by Teddington Indus- 
trial Equipment Ltd. A two-way piloted 
piston type of valve for the control of 
chemically inert fluids or gases up to 
1650 psi it can be made in sizes varying 
from } in. to 2 in. bore and arranged 
either to open or to close when ener- 
gized. It has two main assemblies, the 
solenoid-operated pilot valve and the 
piston-type main valve unit. 

When the solenoid is energized the 
armature is drawn up into the core and 
lifts the valve needle off its bottom seat. 
This relieves the pressure which has built 
up inside the piston through a bleed hole, 
by allowing it to escape to the outlet 
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port and, since the orifice of the needle 
valve is greater than that of the bleed 
hole, an out of balance pressure is ex- 
erted in an upward direction due to the 
fact that the piston has a greater area 
than the main valve head. This upward 
thrust is sufficient to compress the piston 
return spring and open the main valve. 

In the reverse acting model the bottom 
port of the servo valve is blanked off 
and the top port connected to the main 
outlet. Therefore, so long as the solenoid 
is energized there is no way in which 
the pressure built up inside the piston 
can escape. 

Specification: Minimum _ operating 
pressure differential: 10 psi; maximum 
pressure differential: 1650 psi; maximum 
permissible temperature: 185°F; maxi- 
mum viscosity of fluid: 90 secs. Red- 
wood No 1; Electrical: the solenoid is 
wound for 24V d.c. and a separate trans- 
former/rectifier unit is provided for 
230/250V a.c. 


Teddington Industrial Equipment Ltd, 
Sunbury-on-Thames, Middlesex 


First gas-insulated X-ray 


Latest addition to the Newton Victor 
range of industrial X-ray equipments is 
the Raymax 150. A lightweight radio- 
graphic equipment suitable for factory 
or open erection sites, it is the first gas- 
insulated X-ray equipment designed and 
produced in Great Britain. The use of 
non-toxic inert gas—sulphur hexafluoride 

as the insulating medium, together 
with the absence of high voltage cables, 
rectifying valves and the associated fila- 
ment transformer, has resulted in a unit 
of low weight and exceptionally rugged 
construction. 

The tubehead comprises a high volt- 
age transformer, a filament transformer 
and an X-ray tube all housed in a 
cylindrical steel tank filled with sulphur 
hexafluoride at 20 psi. The breakdown 
value of this gas is similar to that of oil 
but it is less easily contaminated. 


Control scheme for boiler 





Pumps for liquid metals, fused salts 


During the last six years a range of ver- 
tical Mopumps has been developed for 
handling relatively low melting point 
metals such as tin, lead or sodium, fused 
salts or high temperature heat transfer 
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6 7 8 
Cross section through moiten metal 
‘“Mopump’” shows: 1 column leg. 
2 driving shaft. 3 delivery pipe. 4 
bearing plate shoe. 5 impeller adjust- 
ing shim. 6 pump casing swing bolts. 
7 pump casing. 8 impeller 


set is light, portable 


The target of the X-ray tube is 
earthed thus obviating one of the com- 
plications of oil cooling, and is water 
cooled, either directly from the mains 
supply or from a simple water/air heat 
exchanger. A gantry stand provides a 
versatile support for the iubehead with 
a vertical travel of 48 in. Pivots on the 
long and short tubehead axes permit 
the beam to be angled in all directions. 

Two tubes are available for use with 
the equipment. The type NVI.400 tube 
has a 20° target giving a cone of radia- 
tion with a half angle of 15°. Its fine 
focus make this tube ideal for the gen- 
eral radiography of welded joints, light 
alloy castings and miscellaneous objects. 
The NVI.450 tube is generally similar in 
construction to the NVI.400 but the 
anode is at 90° to the electron beam and 
the window provides a 360° beam of 
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Schematic shows how Kent 3-element system uses feed-back loop 


<< 
FEED-WATER MAIN 


media. They can be supplied to with- 
stand 850°C and are of two basic types 
—suspended over the liquid on an ad- 
justable hoist, or permanently installed 
in a cover plate over a vessel containing 
the liquid. Sizes are 1, 14, 2 and 2} in. 
delivery pipe for heads up to 40 ft. 
The pump unit is connected to the 
motor—drip-proof enclosure, class A in- 
sulation—by three T-section members 
and the drive is taken by a hollow steel 
shaft. The pump casing is attached to 
the column by swing bolts and wing 
nuts to facilitate removal for cleaning. 
A typical application is the use of a 
2 in. pump supplied to a battery firm 
for transferring lead at 700-750°F from 
melting pots to plate-casting machines. 
Delivery is 15 gpm against 12 ft head. 


Rhodes Brydon & Youatt Ltd, 
Waterloo Engineering Works, 
Stockport 


radiation for the examination of circum- 
ferential welds, hollow castings and small 
specimens arranged in a circle. 

The small portable control has been 
designed for wall or desk mounting in 
permanent installations and is of a con- 
venient shape and size for site work. 
The continuously adjustable tube voltage 
has a range of 50 to 150 kVp sufficient 
for all light alloy castings, plastic mould- 
ings or assemblies, and welded steel plate 
up to 14 in. thick. A synchronous motor 
exposure timer is fitted with a range of 
1 second to 55 minutes in steps of 1 
second. Indicating lights show closure of 
main switch, adequate water supply and 
high voltage applied to the tube. 


Metropolitan-Vickers Electrical Co Ltd, 
Trafford Park, Manchester, 17 


water level uses standard units 


A ‘three-element’ drum_ water-level 
control system has been developed by 
George Kent Ltd for any automatic- 
boiler-control scheme. The three ele- 
ments are feed-water flow, steam flow 
and drum water-level, all of which are 
essential for the efficient control of the 
amount of water in the drum, regardless 
of the most severe plant fluctuations. 

In a modern water-tube boiler, the 
ratio of water content to heating surface 
is small, and serious permanent damage 
may occur in the event of any excessive 
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deviation from the correct level in the 
drum. A departure from the desired 
drum-level occurs either when the steam 
output differs from the feed water input, 
or when there is a change in drum pres- 
sure. These two conditions are related, 
but two opposing control requirements 
exist. For an increased steam demand it 
is necessary to: a. increase the feed-water 
flow to balance the higher steam flow; 
b. decrease the feed-water flow to cor- 
rect the instantaneous rise in water-level 
owing to the fall in drum pressure. The 
Kent ‘three-element’ control scheme 
caters for these by combining drum- 
water-level control with steam-flow/feed- 
water-flow ratio control. These controls 
both act by regulation of the flow of feed 
water, and the extent to which one pre- 
dominates over the other can be adjusted 
to any value between pure level control 
and pure flow-ratio control. 

The system uses four instruments: 
drum-level transmitter, steam-flow trans- 
mitter, feed-water-flow instrument fitted 
with computing and transmitting mechan- 
ism, level controller. The steam-flow in- 
strument transmits a pneumatic signal 
to the feed-water-flow instrument. This 
sends a signal, which represents the dif- 
ference between steam flow and water 
flow, to the master level controller, 
which also receives a signal, proportional 


New gas-tight wiring 
seal developed 


An ingenious solution to the problem 
of sealing a small gas-tight container 
after wires have been passed through the 
case may have wide applications in the 
electronics, nuclear and instrument in- 
dustries. 

Highly accurate Kelvin Hughes air- 
craft gyroscopes developed specially for 
the Smiths Flight System are totally en- 
closed in a gas-tight case, filled with 
helium. Lead-in wires to the electrically 
driven gyro have to be passed through 
the case without causing a leakage and 
standard available methods were found 
to be unacceptable. 

A special vacuum seal was, therefore, 
developed. Nine fine drawn copper tubes 
partly filled with solder are led through 
the neck of a brass ferrule and ‘ potted’ 
into position with synthetic resin. Wires 
can be easily soldered to the tubes. 

Tests in a hydrogen ionization cham- 
ber at a high vacuum showed no leak- 
age after repeated changes of tempera- 
ture ranging from —40 to +70°C. The 
new seal has shown itself particularly 
capable of withstanding mechanical and 
thermal shock and is suitable for tem- 
peratures up to’ +100°C. The design is 
such that seals can be adapted to with- 
stand fairly high pressures. 


Kelvin & Hughes (Industrial) Ltd 
2 Caxton St, London, SW1 
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to level, from the drum-level transmitter. 
In the master level controller, the con- 
trol mechanism operates in response to 
the difference between the level signal 
and the steam-flow minus water-flow sig- 
nal, and sends a corresponding control 
signal to the feed-water regulating valve. 

The drum-level transmitter measures 
the level by the differential-pressure 
method and is a mercurial U-type instru- 
ment. A special design of detecting ele- 
ment, which is claimed to be an im- 
provement on any used ir the past, 
eliminates errors due to thermal gradi- 
ents within the pressure pipes. An air- 
operated transmitting unit is incorporated 
in the instrument and provides a means 
of making allowance for the steam den- 
sity under boiler-operating conditions. 
The water and steam-flow instruments 
are also of the mercurial U-type dif- 
ferential-pressure type and incorporate 
air-operated transmitting and computing 
units of the Mark 20 range. 

All the instruments used in this control 
system are production models from the 
Commander range and have the advant- 
age of standardization and interchange- 
ability of components, standard servicing 
technique and a uniform appearance. 
George Kent Ltd, 

Luton, Beds 


SYNOPSES 


Additions to range of welding and cut- 
ting equipment are announced by D. S. 
Baddeley Engineering Co Ltd, 43-5 York 
St, Glasgow, C2. Clyde h.p. welding 
blowpipe covers sheet thicknesses ss to 
tin. and Argyle h.p. welding blowpipe is 
for 22 gauge to ;;in. The Scotia sheet 
metal cutter can be used in plates up to 
tin. thick: owing to small amount of 
heat used and speed of operation, little 
distortion of sheet occurs. 

* Heat by the Yard’ is name of new flex- 
ible heating tape by Electrothermal 
Engineering Co Ltd, 220 Neville Rd, 
London, E7. It is cut to the required 
length and attached to insulated connec- 
tors. Maximum temperature is obtained 
at 10V per foot: suitable rheostats or 
autotransformers are available. Another 
new product is Thermocord capable of 
attaining 450°C. 

Proximity switches for level control in 
powdered or granulated solids or non- 
conducting liquids have been introduced 
by Elcontrol Ltd, 10 Wyndham Place, 
London, W.1. These work on electrical 
capacity and operate an electronic cir- 
cuit to give a signal for an instrument 
or controller. 

Electroylitic polisher for metallographic 
specimens has been introduced by Nash 
and Thompson Ltd, Oakcraft Rd, Chess- 
ington, Surrey. Advantages claimed over 
mechanical polishing are: equal or bet- 










ter surface, no distortion of surface with 
soft metals, quick, suitable for unskilled 
operators, suitable for large areas. A 
prototype was tested at Harwell. 
Ultrasonic cleaning bath of new type for 
small component and precision piece 
parts is in production by Mullard Ltd. 
Torrington Place, London, W.C\. 
Known as L276, it is suitable for de- 
greasing and_ descaling instrument 
mechanisms and parts and other small 
objects. 

Moisture content or density in a wide 
range of materials can be measured in 
two minutes by d/M-gauge just intro- 
duced by Nuclear-Chicago, 229 W. Eric 
St, Chicago 10, Ill. Principle used is de- 
gree of scatter of radioactivity in 
materials of varying moisture content or 
density. For moisture, a Ra-Be neutron 
probe is used: for density, a Cs-137 
source. Scaler completes the apparatus. 
Measurements can be made up to 60ft 
below surface. Soil compaction work has 
been specific application. 

Baldwin ‘lonex’ ionization meters are 
available from The Atomic Center Inc, 
489 Fifth Avenue, New York 17, NY. 
Wel! known in England, these measure 
gamma- and X-rays as well as alphas 
and betas. 


Transistorized reactor control _ instru- 
mentation using silicon transistors only 
is announced from Fairchild Camera and 
Instrument Corp, Syosset, Long Island, 
NY. For 65°C and 100pct humidity 
operation, instrumentation covers start- 
up, intermediate and power ranges. 


Preset potentiometer at economical price 
(type PP) has been introduced by The 
Plessey Co Ltd, Ilford, Essex. Carbon 
track is moulded directly on to a low-cost 
insulant. Available range, 1000 ohms to 
2 megohms + 20pct. 

Welding fume exhaust fan unit capable 
of serving up to four positions has been 
introduced by Keith Blackman Ltd, Mill 
Mead Rd, London, N17. Easily handled 
by two men, it has a 1 h.p. motor and 
can be placed up to 30ft away from the 
welders. 

Nuclear products made by Savage and 
Parsons Ltd, Watford, Herts, have been 
described for the first time in new pub- 
lications—standard V-groove lead bricks 
in 4in and 2in thickness; sphere, aperture 
end window units; interlocking concrete 
bricks; isotope transport containers; 
handling tools including isotope can 
openers and extracting spanners. 
Combined scaler-ratemeter, type RCR-2, 
by Nucleonic Corporation of America, 
196 Degraw St, Brooklyn 31, NY, is 
claimed to cost less than either a scaler 
or ratemeter alone. It can be used with 
GM tubes or scintillation counters and is 
only 14°25in. long, 23lb in weight. Firm’s 
bulletin N-8 gives full details. 
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Built by Atomics International 
at the US Atomic Energy Com- 
mission’s Idaho Testing Station, 
the Organic Moderated Reactor 




















experiment went critical on 
Sept 17 this year. No power is 
generated by OMRE, its 16MW 
heat output being dissipated in 
the air-blast heat exchanger, 
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THE ORGANIC 
LIQUID MODERATED REACTOR 


A British viewpoint 


H. W. BOWKER, MA(Cantab) 


Senior Engineer, Reactor Division, Harwell 


ALTHOUGH many recent Press statements on the subject 
of nuclear propelled ships have included a mention of the 
organic liquid moderated reactor (OLMR) as a_ possible 
power unit, none of them have given any real indication 
of the sort of reactor it is. Reference to that reactor ‘ bible,’ 
the papers of the 1955 Geneva Conference on the Peaceful 
Uses of Atomic Energy, is no more helpful, for the OLMR 
is hardly mentioned at all. What is this reactor and what 
are the features it possesses that commend it for ship 
propulsion? 


Essentially a simple system 

As is obvious from its name this reactor uses an organic 
liquid as the moderator, but in addition the same liquid is 
used as the coolant. In consequence the OLMR Offers the 
possibility of being a very simple system, for the reactor 
consists of little more than a number of fuel elements in a 
pot of organic liquid. Heat is removed from the core by 
circulating the liquid through it and then through heat 
exchangers where steam is raised. If the heat exchangers 
include a superheating section the steam can be fed to 
fairly conventional but rather low pressure turbines to 
produce power. 

This description would fit the pressurized water reactor 
(PWR) almost equally well for this reactor also uses a single 
fluid as coolant and moderator. The OLMR can very well 
be considered as a variation on the pwr theme for, mech- 
anically and nuclearly, the two are very similar. Those who 
propose to use the OLMR for ship propulsion must derive 
considerable confidence from this similarity. The perform- 
ance of the US submarine Nautilus has demonstrated 
beyond doubt the technical feasibility of the Pwr as a 
source of power for a sea-going vessel and almost all the 
arguments which can be made for the pwr apply equally 
to the OLMR. However, the operating costs of Nautilus 
have been said to be about six times those for a conven- 
tionally-powered vessel, so this vessel does nothing towards 
establishing the economic feasibility of nuclear ship pro- 
Propulsion. Costs for the OLMR can be expected to be lower 








than for the pwr but its economic feasibility has still to 
be proved. 


The best liquid to use 

Although apparently a newcomer to the reactor field the 
underlying idea of the OLMR is not new. The high pressure 
at which the pwr must work if it is to produce steam of 
reasonably high temperature has long been recognized as a 
disadvantage, and the idea of replacing water by a fluid 
of much lower vapour pressure must always have seemed 
attractive. Organic liquids were an obvious choice for this 
role as they contain both hydrogen and carbon and can 
be expected to be good moderators. However, in general, 
organic fluids break down rapidly at not very high temper- 
atures and one might expect them to be similarly unstable 
when exposed to nuclear radiation. This is indeed the case, 
and the coming of the oLMR has had to wait upon the dis- 
covery of organic liquids with adequate thermal and radi- 
ation resistance. It is now believed that the polyphenyls 
exhibit the greatest resistance to nuclear irradiation of the 
known organic substances and that diphenyl and terphenyl 
are possible reactor coolants. 

Diphenyl has somewhat less resistance to irradiation than 
terphenyl but it is a better heat-transfer medium and it has 
the further advantage of being liquid at a considerably 
lower temperature. As a disadvantage it has a higher 
vapour pressure. 

The published results (/) on the behaviour of both of 
these substances under irradiation suggest that the rate of 
breakdown is very small and that the consequent cost of 
replacement makes a trivial contribution to the cost of 


power. 


Special advantages of OLMR 

The Organic Liquid Moderated Reactor has first the 
advantages of the water system, namely small size for a 
given output, good neutron economy despite the need for 
slightly enriched fuel, and, on account of the liquid moder- 
ator, a negative temperature coefficient of reactivity so 
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ment of OMRE. A similar station 

for 12°SMW electrical is pro- 

jected for the town of Piqua, 
Ohio 


that the reactor has an inherent tendency to resist changes 
in temperature and power level. 

In addition the oLMR has the advantages that accrue 
from the use of the organic liquid. 

The low vapour pressures of the preferred organic 
liquids permit of a low pressure in the primary circuit 
and the heat exchangers so that there can hardly be a 
difficult containment problem to solve. 

Diphenyl and terphenyl do not corrode the cheap 
metals, such as steel and aluminium, which are useful in 
the construction of reactor cores, nor do they attack 
uranium metal or zirconium at all rapidly. In addition 
they will not react with the water in the heat exchangers 
should a leak develop. 

The reported absence of significant neutron-induced 
activity in the coolant will make complete leak-tight- 
ness of the primary circuit and its components unneces- 
sary. It will be possible to leave the primary circuit 
unshielded with consequent reductions in costs and 
weight and a very great gain in accessibility, The com- 
ponents of primary circuit will themselves be inactive 
and therefore can readily be serviced by conventional 
methods. 

Not least among the advantages of the OLMR are the 
safety features resulting from the low working pressure 
and the absence of chemical incompatibilities. 


Some drawbacks of organic liquids 

The use of organic liquids is not entirely free from 
disadvantages. They do break down when subjected to high 
temperatures and to irradiation. Higher polymers are pro- 
duced as well as hydrogen. For the preferred liquids these 
higher polymers, rather fortunately, appear to be soluble 
in the monomer so that even when some breakdown has 
occurred a freely flowing liquid remains. The rate of break- 
down decreases as the total breakdown increases, so that 
partially broken down material would be used. 

The thermal conductivity and the specific heat of the 
organic liquids are low by comparison with water so that 
there are some heat transfer problems and the volume of 
coolant which has to be circulated may be large. 

If terphenyl with its relatively high melting point is used, 
much of the primary circuit will need to be trace heated 
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and there may be unusual charging problems. If diphenyl 
is used these difficulties will be lessened because its melting 
point is low. 

The preferred organic liquids are theoretically toxic but 
in practice the hazard is very small. As they will be used 
above the flash point there is also some danger from fire. 
However, there is a considerable body of industrial ex- 
perience with Dowtherm which suggests that the fire hazard 
is not very great. 


An American power project 

A typical electric power plant using an organic liquid 
moderated reactor and designed by the Atomics Inter- 
national Division ot North American Aviation Incor- 
porated is shown in Figure 1 (2). The plant includes a 
reactor and its heat transfer system, steam raising equip- 
ment and a turbogenerator. The core of the reactor is 
shown in a steel tank located below ground. The heat trans- 
fer system consists of two separate pumped loops and the 
steam generator has evaporating, separating and super- 
heating sections. 

The core, shown in Fig 2, is heterogeneous and consists 
of a number of fuel elements and control rods immersed 
in the organic liquid and contained in a thin-walled tank. 
A 6-in. thick steel thermal shield surrounds the core, and 
core and tank are contained in a further steel reactor tank. 
The fuel elements are suspended from a top grid plate and 
are enclosed in steel boxes which extend through the bottom 
of the core tank. The control rod drive mechanisms are 
below the reactor tank; the rods themselves work inside 
thimbles which extend through the core and into the region 
above the top thermal shield. They consist of neutron- 
absorbing boron steel rings carried on steel tubes. Each of 
the rods is driven through a lead screw by an electric motor 
in the room below the pile. In an emergency a neutron- 
absorbing section is disconnected from its lead screw and 
drops over it into the core, where it is arrested by a 
hydraulic cylinder. 

Automatic operation of the control rods is initiated by 
neutron flux-measuring instruments. In the North Ameri- 
can Aviation design fission chambers are used for the low 
power measurements, a compensated ion chamber covers 
the intermediate power range and three further ion cham- 
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bers deal with the full power measurements. A servo 
system controlled by steam demand and worked through 
the power level recorder positions the control rods to hold 
the reactor power level at the desired set point. 


Superheated steam 

The coolant flows into the space above the core, then 
down through and round the fuel elements. Suitable orifices 
in the elements adjust the flow of coolant in accordance 
with the pattern of heat production so as to produce a 
maximum bulk outlet temperature in the coolant and to 
reduce the power required for coolant circulation. The hot 
fluid then flows upwards between the thermal shield and the 
containing vessel to the outlet pipe. The thin-walled tank 
separates the upward and downward flows. 

Outside the core the coolant is circulated through two 
loops by centrifugal pumps. Each loop can be isolated by 
valves in the inlet and outlet lines so that maintenance 
of either loop and its components can be carried out with- 
out completely shutting down the plant. 

The evaporating and superheating sections of the heat 
exchangers are of the shell-and-tube type. The organic liquid 
flows through the tubes of the evaporator and steam and 





What has the OLMR to offer ? 


@ Containment is easy—the high boiling point 
gives low working pressures with high temperatures 
@ Corrosion should not be a problem—thus common 
metals can be used 
@ Safety is high—coolant does not react with 
water should a leak develop 
@ Maintenance will be simple—primary coolant 
loop does not become radioactive 
There are some disadvantages and more work is needed but on 
the whole the OLMR looks like adding up to a single, safe and 
economical concept for the smaller size of reactor 
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Fig 2 Details of the reactor of Fig 1 shows how the core 
is contained in a thin-walled tank within a further steel vessel 
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water flow through the shell section. Steam from the 
evaporator passes through a centrifugal steam-water evap- 
orator before flowing through the tubes of the superheater, 
and on to the turbine. A pressurizing and expansion tank, 
a melt tank and a new coolant storage tank complete the 
primary circuit installation. 


Enriched fuel 

This reactor is shielded in the now conventional way 
with thermal insulation to minimize the heat loss and con- 
crete as radiation shielding. The arrangements for recharg- 
ing consist of a large rotatable shield plug with a smaller 
rotatable eccentric plug within it. The smaller plug is 
equipped with a number of lifting rods for moving fuel 
elements. By rotating the plugs to suitable positions fuel 
elements can be moved from a new fuel store into the 
reactor core, and from the core to a spent fuel store. 

This typical organic-moderated unit which produces 12°5 
MWe has a core 44 ft in diameter and 64 ft long contain- 
ing about 10 tons of uranium metal enriched to 1:3 pct 
U-235. 

Six and a half million pounds an hour of coolant circu- 
late through the core and the two loops. To ensure that 
the rate of breakdown of the organic fluid is very low, 
conservative figures for the coolant temperature have been 
assumed. In the present case the inlet temperature is 572°F 
and the outlet temperature is 617°F, With these tempera- 
tures the evaporator receives feed water at 338°F and 
delivers wet steam at 455°F and 415 psig. The superheater 
increases the steam temperature to 552°F. 


Overall cost about 18°5 mills 

North American Aviation Incorporated estimates that the 
capital cost of its design of OLMR type power plant of 124 
megawatt electrical output would be $5,600,000 or $450 
per installed kilowatt. Of this total $3,350,000 is for the 
nuclear reactor and steam generating plant. 

To determine the cost of power, North American treat 
the capital investment as an annual charge of 15 pct of the 
total and assume a load factor of 80 pct, so that the contri- 
bution of the capital investment to the cost of power is 
9-5 mills/kWh. 

If the fuel can be burned so as to produce 3,000 mega- 
watt-days of heat per ton, the replacement rate will be 
about 550 Ib/month and the net fuel charge, including 
the cost of the fuel consumed, a credit for the plutonium 
which is produced, the cost of fuel fabrication, processing 
and shipping, is 6 mills/kWh. 

It is estimated than an appropriate charge to cover the 
fixed costs of operation, maintenance and make-up of the 
organic liquid is 3 mills/kWh, so the total cost of power 
from this plant is about 18-5 mills/kWh. 


Alternatives for fuel cladding 

Fuel elements present problems in every heterogeneous 
reactor but the absence of compatibility worries in the 
OLMR will be a considerable help in overcoming them so 
far as the fuel elements for it are concerned. The element 
chosen for the North American Aviation reactor is 
uranium metal clad in aluminium. Ten 0°132 in. thick 
plates are carried in an aluminium frame which is enclosed 
in a steel box. This general form of element has already 
been used in a number of water cooled reactors so that 
there is a considerable amount of information as to the 
way it behaves in water. However, one of the breakdown 
products of terphenyl is hydrogen. If this penetrates the 
aluminium cladding either by diffusion or as the result of a 
flaw it will react with the uranium metal to form hydrides. 
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During assembly of OMRE the reactor tank is lowered into 
its semi-underground housing. Inlet and outlet pipes are 
seen on the lower portion. Through these, the organic 
moderator/coolant is circulated at 7200 gallons a minute 


“ 


As the hydride is much bulkier than the uranium from 
which it was formed there is a possibility of distortion 
of the element and rupture of the can. 

An alternative element which is free from this trouble 
is built from a number of rods of uranium oxide pellets 
clad in aluminium, zirconium or even steel, Again this 
general form of element has been used in water reactors 
so that its general feasibility is established. 

It remains to be seen whether hydrogen presents a prob- 
lem, but whether it does or not, an established form of 
fuel element can be used. 


Problem of heat transfer 

By comparison with water, organic liquids are poor heat 
transfer media. Fig 3 is a plot of heat transfer coefficient 
against pumping power for water, terphenyl and diphenyl 
on the assumption of a fixed core geometry. It shows that 
for a given reactor power, and with the same fluid velocity, 
temperature differences and pumping power, the heat trans- 
fer surface in an OLMR cooled with terphenyl would have 
to be about seven times that of a reactor cooled with water, 
whilst a core cooled with diphenyl would require five times 
the heat transfer surface. In practice the OLMR uses rather 
higher coolant velocities than the Pwr and somewhat 
larger temperature differences can be tolerated, so that the 
actual ratio of heat transfer surfaces is more nearly two 
instead of seven or five. 


Need for special pumps 

Because the specific heat of organic liquids is low and a 
small rise of temperature through the core is necessary if 
good steam conditions are to result, the volume of organic 
liquid to be circulated can be large. For example, as 
already mentioned, the North American Aviation reactor 
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circulation is 6,500,000 lb/hr. for a heat output of 45,500 
kilowatts. The pumps can probably be of two distinct 
types; the ‘canned’ motor arrangement as developed for 
the PWR or a more nearly conventional glanded pump, but 
the organic liquid version of neither type will be exactly like 
one designed for hot water service. 

The Westinghouse canned motor pump relies on cooling 
to keep the water in the motor down to a temperature of 
about 195°F so that there are no motor winding insulation 
problems. Terphenyl is solid at this temperature and a 
motor capable of operating at at least 395° F would have to 
be developed if this type of pump were used for the o_mr. 
If diphenyl is used the problem is simpler, for the melting 
point of diphenyl is 158°F. 

If a glanded machine is used one must either design a 
gland capable of operation at temperatures around 395°F 
or arrange for suitable lower melting point material such 
as Dowtherm to be between the organic fluid and the gland. 


Irradiation effects 
The way in which organic liquids react to irradiation is 
crucial to the future of the OLMR. 

The polyphenyls have been shown to be the most 
resistant to irradiation of the known organic substances. 
The earliest and the larger part of the work on their 
irradiation behaviour has been carried out using 1 MeV 
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Fig 3 Heat transfer coefficient against pumping power for a 
given core geometry 
h =heat transfer coefficient (watts/cm’/sec/°C) 
D=hydraulic diameter of channel (cm) 
P= pumping power (watts) 


electron beams from van de Graaff generators. This sort 
of irradiation is, of course, very different from that pro- 
duced in a reactor, but the effect of pile irradiation can be 
inferred from it if, as has been stated, radiation damage 
in any organic material is a function of the actual energy 
absorbed regardless of the nature of the radiation, so long 
as bond cleavage is independent of the type and intensity 
of ionizing radiation (3). Fortunately some in-pile irradia- 
tions of the polyphenyls have been carried out and the 
results appear to substantiate this hypothesis. 

If the finer details are ignored the polyphenyls show a 
similar behaviour on heating or under irradiation. They 
decompose with the evolution of gas which is, mainly, 
hydrogen with some methane and some hydrocarbons. The 
organic residues combine to form a less volatiie substance 
which has been given the name *‘ polymer.’ This polymer 
has not yet been completely analysed but it includes com- 
pounds with five and six phenyl groups as well as smaller 
quantities of compounds of higher molecular weight. 
Typical of the results reported are those given opposite*. 
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In Britain the OLMR is being studied as a packaged and 

marine propulsion reactor. Here Dr Sanders of Harwell 

examines an enriched uranium sub-critical assembly designed 

to use Dowtherm (diphenyl-diphenyl oxide eutectic) as 
moderator/coolant 


These results were obtained on samples irradiated in 
the Materials Testing Reactor. Integrated fluxes were: 
1-0 x 10"n/cm 
1°53 x 10"n/cm’® 

30 watt h/g 


Thermal neutrons 
Fast neutrons (1 MeV) 
Gamma rays 


in-Pile Decomposition of Terphenyis 





Material Polymer produced Gas evolution 
wt. pet cm‘g 

o-terphenyl 38-3 1-0 2-04=0-05 

m-terphenyl 32:°6+0°9 1-35 0-04 

p-terphenyl 25:4+0-7 0-38=0-01 

4p + 96% 

m-terphenyl 33-9+0-9 0-66 0-02 


The table shows that the addition of a small quantity 
of the most radiation stable polyphenyl (para-terphenyl) to 
a less stable polyphenyl yields a mixture with a stability 
approaching that of the more stable substance. The low 
melting point of the mixture combined with its high radia- 
tion stability is another advantage which suggests that 
reactor coolants will be mixtures. 


The preferred organic liquid 
The commercially available mixture of the three ter- 
phenyls, Santowax R, has the advantages of a resistance to 
irradiation almost equal to that of the pure para-terphenyl., 
a lower melting point and a much lower price, and is at 
present a highly favoured coolant. 

For all the materials studied the stability, whether 
measured by gas yield or polymer production, increases 


*W. Wild of AERE, Harwell, has said that gas yields indi- 
cate little regarding the number of original molecules altered 
during radiolysis because of subsequent substitution reactions 
and that polymer production is the more reliable guide to the 
extent of decomposition. 
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with increasing dose and levels off to a nearly constant 
value at higher doses. It appears that the decomposition 
products increase the stability of the parent compound (as 
might be expected from the greater stability of terphenyl 
than diphenyl) so that there is an economic reason for 
using a coolant containing decomposition products. Ex- 
periments with loops or a reactor are required to determine 
how far the decomposition can be allowed to proceed as 
the polymer may represent the first stage of a ‘ coking’ 
process. 

The probable economics of coolant breakdown are illus- 
trated by the following figures given by Chauncey Starr 
of the Atomics International Division of North American 
Aviation Incorporated to the World Power Conference in 
Vienna in June, 1956. 


Ortho Meta Para 
Di- ter- ter- ter- Santo- 
phenyl phenyl phenyl phenyl wax 





Polymerization rate 
at 325°C 
(kg/thermal MWh) = 0-27 0-27 0-23 0-16 0-23 


Replenishment cost 
at 325°C 
(mills/elec. kWh) 0-36 2-16 2:78 1-25 0-34 


Vapour pressure 


at 325°C 
(atmospheres ) 3-7 0-8 0-4 0-3 0-4 
Melting range ~C 69 50-55 75-85 200-215 60-145 


Economic feasibility to be proved 

The close resemblance between the organic-moderated 
and pressurized-water reactors and the fact that the tech- 
nical feasibility of the PWR is proven can be used as an 
indication of the general feasibility of the OLMR. When 
the satisfactory behaviour under irradiation of the chosen 
organic fluids has been established the OLMR will have been 
shown to be technically feasible. The Americans are hop- 
ing to demonstrate this in their Organic Moderated Reactor 
Experiment (OMRE) which recently went critical at the 
American National Reactor Testing Station in Idaho. 
Economic feasibility is another problem, but North Ameri- 
can estimate indicates that a power plant using the OLMR 
as its heat source should be capable of producing power at 
prices only slightly above those of conventional plants in 
many areas. In those parts of the worid where fossil fuels 
are not readily available, the estimated price of 184 mills, 
kWh is already competitive. 


Attractions for ship propulsion 

We cannot say, today, that the oLMR will propel a small 
ship, and perhaps not even a very large one, at a price 
that will compete with the diesel engine or the oil-fired 
boiler and turbine. However, like almost all reactors it is 
in a very early state of development and, given time, the 
relative costs of building and operating it can be expected 
to fall markedly. The claims which this reactor has to be 
considered as a mobile unit stem from its intrinsic features ; 
its compactness ; its safety; its accessibility and relatively 
light weight resulting from its thin pressure vessel and its 
ability to dispense with shielding round the primary circuit 
and heat exchangers, and certain not least, its potential 
simplicity and reliability. 
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in formulating 


STANDARDS IN 
NUCLEAR ENERGY 


timing is important 


says C. DOUGLAS WOODWARD 


British Standards Institution 


ONE OF THE WORST LEGACIES of the Industrial 
Revolution was the chaotic diversity of output it left in 
its wake. In every direction firms were making basically 
similar products which differed in unimportant details. It 
has taken more than fifty years of British Standards to 
reduce this unwanted variety to a more ordered and 
economic pattern. With newer industries using new 
materials—in plastics, electronics, synthetics and so forth 
—British Standards have been given a chance to come in 
on the ground floor, as it were, so that diversity merely 
for the sake of diversity has largely been avoided. 

It is hoped that in nuclear science and engineering, too, 
standards will be evolved at an early stage, particularly 
desirable in view of the prospects for an international 
trade in nuclear equipment and the possibilities this is 
already offering to British exporters. 

Though it is important that the formulation of stan- 
dards should not be too long delayed, it is equally neces- 
sary to avoid the premature introduction of standards 
which might hamper the healthy development of technical 
progress. The British Standards Institution, therefore, 
though it has made an early start on nuclear work, has 
deliberately gone slowly. No major programme of stan- 
dards has yet been developed but a number of special 
aspects are being studied and there is close collaboration 
with the United Kingdom Atomic Energy Authority and 
other special agencies. 


Glossary of terms 
Possibly the most important project is the preparation 
of a standard glossary of terms which has now reached 
an advanced stage. The drafting committee charged with 
this exhaustive task was set up in 1954 and since its in- 
ception has held monthly meetings at which successive 
batches of definitions have been agreed. The glossary will 
eventually define some 1,000 terms used in nuclear 
science. A preliminary draft of more than half the pro- 
posed terms and definitions has already been circulated 
to industrial and scientific experts for their comments. 
When the glossary is complete in about a year’s time it 
will provide a simple and easily identifiable reference for 
nuclear terms employed in physics, reactor theory, reacto1 
engineering, chemical engineering, radiology, instrumenta- 
tion and isotope separation. 

In some instances more than one definition will be given, 
but in every case there will be a clear indication of pre- 
ferred terms and definitions, and of any that are 


deprecated. 
For example, breeding is provisionally defined as: 
in a nuclear reactor, the process of utilizing one kind 
of fuel and producing fuel of the same kind by an- 
other process ; commonly, utilizing plutonium as fuel 





and producing more plutonium by conversion of 
uranium 238. 

An alternative, deprecated, definition is: 
the process of obtaining more fissionable fuel than js 
consumed, whether by breeding or conversion. 

The drafting committee meets under the chairmanship 
of Professor O. R. Frisch of the University of Cambridge. 
In their work the committee is being helped by the glos- 
sary on the same subject already issued by the Ameri- 
can Standards Association. In this, as in glossaries on 
other subjects, efforts are being made to bring American 
and British terms into closer alignment both in the inter- 
ests of trade and for the freer exchange of information 
and ideas. 


Protection against radiation 

Another BSI committee has alrnost completed the prepara- 
tion of a set of safety precautions designed to ensure the 
protection of workers in the vicinity of sites where in- 
dustrial radiography is being carried out. 

The first of the British Standards in the nuclear field 
was recently published as BS2783 Gamma-ray source cap- 
sules for radiography. A standard now approaching its 
final stages is concerned with barytes as a concrete and 
plaster aggregate. 


International collaboration 

In nuclear science and engineering, possibly even more 
than in other directions, there is obviously a need for 
effective international collaboration. Two bodies con- 
cerned with world standards, the International Organiza- 
tion for Standardization (ISO) and the International 
Electrotechnical Commission (IEC), are instituting a pro- 
gramme of standards. 

In July the first meeting was held in Geneva of a new 
ISO committee on nuclear energy. Attended by 61 dele- 
gates from 14 countries, this meeting cleared the path for 
the preliminary drafting of standard recommendations on 
methods of ensuring reactor safety and personal safety, 
and on an agreed international language of nuclear terms. 


Easing trade problems 

Without impinging on the design and technical develop- 
ment of nuclear equipment the committee is now launched 
on a programme aimed at facilitating trade between coun- 
tries in installations for, and the products of, nuclear 
energy. If it can establish agreed practices over the next 
year or two the committee may well be able to prevent 
the growth of such obstacles as differing national regula- 
tions on safety which so frequently hinder trade between 
nations. 

The committee met under the chairmanship of Mr 
Morehead Patterson, President of the American Machine 
and Foundry company and included leading scientific, in- 
dustrial and standards personalities concerned with the 
peaceful uses of nuclear energy. The nine-strong British 
delegation led by Mr H. A. R. Binney, Director of BSI. 
included Mr H. J. Dunster, Mr F. R. Farmer and Dr J. 
Thewlis (of the UK Atomic Energy Authority); Mr R. A. 
Peddie (Central Electricity Authority); three representa- 
tives of the Nuclear Energy Trade Association’s Confer- 
ence: Dr R. J. Beale (Simon-Carves Atomic Energy 
Group); Mr M. J. Kemper (Hawker Siddeley Nuclear 
Power Co Ltd), and Mr W. Macrae (The Nuclear Power 
Plant Co Ltd); and Mr G. Weston (BSI). 

In close association with the ISO, the IEC is starting 
work on_ international recommendations for electrical 
measuring instruments (especially of the electronic type) 
used in nuclear reactors, electrical components of servo 
mechanisms, and electrical instruments employed in the 
use of radioisotopes. 
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KIND THINGS about the 


technical 
Press have been voiced on two occa- 
sions just recently at the Institution of 
Electrical Engineers. First, the new 
President, T. E. Goldup, in his in- 
augural address on October 3, referred 
to the useful work we do in bridging 
the gap between what the specialists 
are absorbed in and related subjects 
of interest. Then only a week later the 
new chairman of the Utilization Section. 
J. Vaughan Harries declared technical 
Press advertisements to be dignified 
and well-balanced and editorial opinion 
to be on the whole impartial on politi- 
cal and economic issues. It is a pity 
some of the other institutions do not 
take this enlightened view. Some of 
them seem to think we do nothing but 
plot schemes for publishing their 
papers before they are read. The classic 
one of course is the European Atomic 
Energy Society which is virtually a 
secret brotherhood. 


WHO WOULD believe you could find 


_ 


yourself deep in the country a mere 
25 minutes from Charing Cross? This 
is where SIRA hideout—a_ unique 
oasis of peace in Kent, surrounded on 
all sides by subtopia in a highly de- 
veloped form. The topic of the mom- 
ent during their open day recently was 
of course the satellite and indeed Dr 
Thompson’s scientists had been receiv- 
ing it—not however when I was there. 
Because it was nowhere within range. 
Dr Allibone’s after lunch talk on 
‘white elephants’ was characteristically 
brilliant. Among many topics he 
touched on which at one time looked 
like failures but finished as quite un- 
expected successes was the question on 
every nuclear scientist's mind—thermo- 
nuclear reactions. For what it’s worth, 
he mentioned that the TN elephant, 
after remaining obstinately white for a 
very long time had, only in the last 
few weeks, shown distinct signs of 
turning grey! 


HIS BUSINESS of metric and ‘ British’ 
units all mixed up is quite inexcusable 
in a new science like atomic energy in 
which there is still a good chance of 
sorting it all out. The most fantastic 
example of the muddle is of course in 
relation to temperatures. For some 
totally inexplicable reason a pernicious 
system is being petrified in which Cel- 
sius or Centigrade degrees are used for 
reactor and gas temperatures and 
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Cross Section 1, caaccius 


Fahrenheit ones for steam and water. 
When I was a student I learnt Heat 
Engines using a unit known as the Cen- 
tigrade Heat Unit; after about ten 
years away from the subject I found 
myself teaching it and discovered to 
my horror that in the meantime Lon- 
don University had switched back to 
the dear old British Thermal Unit, the 
curious argument being advanced that 
Mr Fahrenheit’s degrees were some- 
how more ‘ British’ than Mr Celsius’s. 
As an interim measure pending full 
metricization could not our steam 
people be persuaded to have a look at 
CHUs; they really worked very well. 
Changing completely would of course 
be difficult but it could be done and 
several Royal Commissions have re- 
commended it, only to be brushed 
off by successive governments. Prob- 
ably we could never sell the idea to 
the Americans who seem for some un- 
accountable reason to be wedded to 
the British system but with Euratom, 
OEEC and now the _ International 
Agency there should be no doubt 
where our trade interests lie. A metric 
system here would have incalculable 
advantages. The British Standards In- 
stitution is just beginning to make itself 
felt in nuclear energy: ought it not 
really get down to fundamentals and 
have a go at this thorny problem? 


ALKING ABOUT STANDARDS I 
also notice there is yet no agreement 
about the gadgets we use for making 
sure the uranium rods in a reactor are 
still safely canned. Variously we have 
had ‘gas sampling equipment,’ ‘ burst 
slug detection,’ ‘ fission product detec- 
tion’ and ‘can failure detection.’ The 
first is rather vague and doesn’t imply 
what it’s for. The second and fourth 
are bad psychologically in suggesting 
an element of danger. This is un- 
doubtedly present but one doesn’t want 
to shout it about and I remember a few 
years ago the airline companies subtly 
switched from ‘safety belt’ to ‘lap 
strap’ for exactly the same reason. 
Which leaves ‘fission product detec- 
tion.’ This is logical—it is actually the 
products and not the can or slug which 
is detected, it does not imply the same 
degree of danger and it does not in- 
clude the vaguely sinister word ‘slug.’ 
Another piece of reactor nomencla- 
ture which could be cleaned up is the 
dreadful ‘charge/discharge machine.’ 
Why not simply ‘fuel machine’ ? 


PUBLIC OPINION is notoriously sensi- 


— 





tive on atomic energy matters and the 
recent Windscale incident demonstrated 
this to a degree. An important unsung 
function of the Atomic Energy Auth- 
ority public relations division is of 
course the convincing of the general 
public that atomic energy is really safe 
and this is no doubt a_ most 
important job. It is also a difficult one 
as could be seen when a snap Press 
conference was called on a Sunday 
afternoon with the purpose of really 
putting the facts before the corres- 
pondents in terms they could under- 
stand and report correctly, the said 
correspondents being dragged in from 
their Sunday gardening or whatever 
they do do on Sunday afternoon. 
What I think is needed is some new 
sort of nomenclature for radiation talk. 
For instance, we were told that the 
milk from the vicinity was found to 
have an Iodine-131 activity of six tol- 
erances. To the layman this sounds all 
too much like six times the ‘fatal’ 
dose. It should not be beyond the in- 
genuity of the health physicists to de- 
vise some system whereby the public 
could be given a more reasonable and 
comprehensible assessment of the situ- 
ation. 

After all, it is surely an actuarial 
certainty that there will be ‘ incidents’ 
once in a while at nuclear plants and 
it would be as well to be prepared for 
these on the public relations side as 
well as from a purely technical point 
of view. 


WAS READING our correspondent’s 
report on the SCI’s graphite sympo- 
sium and I notice she included the in- 
formation from the Odening and Bow- 
man paper that National Carbon had 
super density nuclear graphite avail- 
able at four times normal cost. What 
she didn’t include was Odening’s re- 
mark during the discussion, that 
although they had had no orders yet 
they have been crowded with requests 
for free samples! Incidentally why 
was there not a single British paper on 
how nuclear graphite is actually made 
here? 


RECEIVED my last month’s copy of 
NUCLEAR POWER while holidaying in 
Greece and I was a little disappointed 
in an otherwise grand issue to find the 
editor did not apparently have room 
to include a piece about the extraor- 
dinary ‘ranch’ at Bradwell. This is 
a remarkable prefabricated hotel or 
motel for about 40 single men on the 
engineering staff and it was erected in 
the sort of time taken to change a play 
scene. I recall with pleasure the effi- 
ciency with which Dave Duncan the 
manager and his wife Sally looked 
after me on a visit not long ago. 
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Experiment and theory 


Theories of Nuclear Moments R. |. Blin-Stoyle. 
Oxford University Press. Price 8s 6d 


London 1957: 


The Oxford University Press are to be congratulated on open- 
ing a new series of monographs in physics entitled The Oxford 
Library of the Physical Sciences. They aim to publish a large 
number of small volumes of about 40,000 words at the modest 
price of approximately 10s. They will be at post-graduate level 
and cover the whole field of physics and its border subjects. 

The first of the series is Theories of Nuclear Moments by 
R. J. Blin-Stoyle. The nuclear many-body problem is so com- 
plex that all attempts to understand the structure of nuclei are 
at present based on some simplified model. The main object 
of this book is to compare the ever-growing list of experimen- 
tal nuclear moments with those calculated on one or other 
of these models. Blin-Stoyle devotes one chapter to a discus- 
sion of the main features of the most successful models before 
going on to describe the calculation of nuclear moments in 
the different models. Although the book is primarily con- 
cerned with magnetic dipole and electric quadrupole moments 
for which experimental data are available the higher moments 
are also discussed. A very brief account of the experimental 
methods for determining nuclear moments is given and an 
appendix contains a complete list of the available experimental 
data. A further appendix describes the mathematics of angular 
momentum states in quantum mechanics which is essential for 
any calculations of nuclear moments. 

The author has succeeded in condensing a wealth of infor- 
mation into a small book in a very lucid and readable form. 
Ample references are given for the reader who wants more 
detail. If the standard set by Blin-Stoyle is maintained through- 
out the then The Oxford Library of the Physical 
Sciences will serve a most useful purpose. J. P. Elliott 


series 


Getting it down on paper 

Records and research in engineering and industrial science, 3rd 
Edn. J. E. Holmstrom. London 1956: Chapman and Hall. 491 pp. 
Price 60s 

First published in 1940. this work has firmly established its 
value and authority and now appears in a third edition. The 
author defined his aim, in the preface to the first edition, as 
‘to teach the remarkable and stimulating fact that the whole 
*; in this edition 
one must now 


of knowledge is available for everyone to use 
he ruefully admits that for ‘the whole of~ 
write ‘that part of it not kept secret for reasons of defence ’. 
His theme is the interdependence in research of purposefully- 
directed experiment and efficiently-exploited records. and he 
sets out to show how to use the latter. 

To exemplify his thesis Dr Holmstrom begins with three 
chapters on the nature and methods of technical science, the 
progression from science into technology, and the substance 
of technical science. Thoughtful and ably written as these 
chapters are, one feels uncertain about their value in a book 
of this kind; chapter 3 especially seems out of place and the 
author makes it clear that he too was not sure whether to put 
tin 

The rest of the book is on firm ground. Chapters 4 and § 
describe the principal organizations of science and technology 
in Britain and in other countries, and chapter 6 discusses inter- 
national organizations, upon which Dr Holmstrom, as a senior 
member of the staff of UNESCO, is an authority. The last 
three chapters deal with the principles of making, using, and 
procuring records of scientific work. Based as they are upon 
practical experience as well as theory, these are first-rate, They 
could be read profitably by all scientific workers. 

One feels that this book will be used primarily for refer- 
ence; few people are likely to read it from cover to cover. 
For this reason, it would be useful if there were more fre- 


480 





quent summaries of the information presented; this comm: nt 
applies especially to the chapters on organizations. It wo: |d 
be difficult to summarize the last chapters but even in those 
more tabulated information would usefully supplement ‘he 
text 

The information given seems to be accurate except that on 
pp 192-194 the author goes somewhat astray in describing the 
UKAEA and its antecedents. *. . . a research centre at Harwell 
for preliminary development, a drawing office at Risley for 
construction plans “—hardly an adequate description of 
two not unimportant organizations. 

There is a very and far-ranging bibliography of 
science and technology in general. R.M.F., K.E.B.) 


useful 


Guide to hardware 

Nuclear Engineering Ed C. F. Bonilla. 
McGraw-Hill. Price 94s 

Has the neutron a structure? or is it homogeneous? We do 
not know yet. but we are on the fringe of being able to find 
out, according to Professor Havens of Columbia University 
in an excellent chapter in Professor Bonilla’s comprehensive 
text book. ‘It is risky. says Prof Havens, ‘to call a particle 
elementary, for physics is full of illustrations of a particle 
which was considered elementary but was later broken up into 
many component parts.” 

A mere quotation however from one particular chapter 
gives no idea of the scope of the latest volume in McGraw- 
Hill's series on nuclear engineering which is under the general 
direction of Walter H. Zinn. In compiling it, Prof Bonilla 
has assembled twelve experts and between them they have 
written 15 chapters covering everything from fundamental 
physics to legal aspects. The chapter headings are: /ntroduc 
tion by John R. Dunning and R. Wayne Houston. Nuclear 
Particles and Nuclear Physics by William W. Havens Jr 
Particle Detection by Chien-shiung Wu. Radiation Protection 
Elements by G. Failla. Reactor Physics by R. Wayne Houston 
Shielding of Power Reactors by David C. Peaslee. Flow of 
Fluids and Heat Removal by Charles F. Bonilla. Uranium 
Metallurgy by George L. Kehl. Thermal Stress Analysis and 
Mechanical Design by Alfred M. Freudenthal. /nstrumentation 
and Control by John W. Hoopes Jr. Power Generation by 
Theodore Baumeister. Reactor Types by John W. Landis 
Legal Aspects of Nuclear Power by John G. Palfrey. There 
are also 17 appendixes. Throughout of course the emphasis 
is on American design and philosophy but nevertheless the 
book should find a place on British shelves. Reading it, one 
is forcibly reminded of a need for a comparable book written 
specifically for British needs. 
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The fsd angle 
Economics of Nuclear Energy Mary Goldring. 
Butterworths Scientific Publications. Price 15s 
A self-contained national peaceful atomic energy programme 
complete with fuel extraction and reprocessing facilities is 
unlikely to be justifiable economically in any country in the 
present state of knowledge and can only be carried through 
as an adjunct to a military appropriation. This is demonstrated 
by Miss Goldring in her stimulating and thoughtful book. How- 
ever, this need not debar countries from setting up nuclear 
energy plants if they are able and willing to go abroad for 
the necessary plant. She points out that nearly every country 
has its national airline but very few have an aircraft industry. 
Written for management and economists, Economics of 
Nuclear Energy is a bold attempt to get down on paper some 
fundamental home truths. Perhaps it is too early yet to for- 
mulate these with much certainty but the book certainly 
fulfils a valuable function in clearing the ground. 


London 1957: 
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COMPANIES 





British firms at Diisseldorf 

A wide range of process control equip- 
ment will be shown by Sunvic Controls 
Ltd at Interkama in Diisseldorf from 
November 2 to 10, the exhibition de- 
voted to measuring instruments. High- 
light of their exhibit will be a 12-point 
demonstration data logger, on show for 
the first time in Germany. Designed for 
continuous scanning of points measuring 
process variables such as pressure, flow. 
level and temperature, it presents the in- 
formation as a printed log sheet or as 
punched table suitable for input to a 
computer. At the exhibition it will be re- 
cording signals derived from a_ plant 
simulator. There will also be a selection 
of pneumatic control instruments and a 
high speed chart recorder demonstration. 

Another British firm participating will 
be Wayne Kerr, showing a series of 
transformer ratio arm bridges with which 
measurements can be made on compo- 
nents without removing them from a cir- 
cuit. Tests can be carried out on cables 
of any length. Basic design of the bridge 
is incorporated in the electronic micro- 
meter. It can also be used for chemical 
measurements, and special cells. without 
immersed electrodes. will be demonstra- 
ted to measure the conductivity and per 
mittivity of liquids. 

The Cambridge Instrument Co Ltd will 
also be there, showing a gas-phase trans- 
fer type electrochemical dissolved oxygen 
recorder. Specific for oxygen. this equip- 
ment has been developed for the high 
pressure and temperature steam systems 
in nuclear and other power stations. It 
can record oxygen concentrations in the 
order of 0°001 ppm 


United steel win Hinkley contract 


Contract for the fabrication and erection 
of structural steelwork at Hinkley Point 
has been awarded to the United Steel 
Structural Co. a subsidiary of United 
Steel Companies. Working in collabora- 
tion with Taylor Woodrow. the com 
pany will supply between 8000 and 9000 
tons of steelwork for the reactor build- 
ings. turbine house. workshops and an- 
cillary buildings. Erection is expected to 
to begin towards the end of next yeai 


Wakefield oils for Chapel Cross 


Contract for lubrication at Chapel Cross 
has been awarded to Wakefield-Dick In- 
dustrial Oils Ltd. who are also supply- 
ing oil for Berkeley. In all nearly 26,000 
gallons will eventually be supplied to 
Chapel Cross. Initial deliveries of flush 
ng oil for the first turboalternator were 
provided during October. 

Wakefield have undertaken an inten- 
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sive study of the effects of radiation on 
various lubricants, and such factors as 
low vapour pressure, with good radia- 
tion resistance. are characteristic of the 
resulting lubricants. A special grade is 
being supplied for the gas blowers, in 
addition to Perfecto lubricants for the 
more conventional duties in the turbo- 
alternators. 


Elliott computer for Parsons 

An analogue computer has been de- 
livered to the nuclear research labora- 
tories of C. A. Parsons Ltd by Elliott 
Brothers (London) Ltd. Specially built to 
supplement the facilities of a larger 
machine designed by Parsons and 
already in use. it will be mainly devoted 





Specially built Elliott analogue com- 
puter has just been delivered to 
C. A. Parsons Ltd 


to studies on control systems. It is based 
on the standard Elliott G-PAC (general 
purpose analogue computer) form of con- 
struction and was completed by the com 
pany’s nuclear division. Units include 18 
drift-stabilized d.c. amplifiers. 9 high- 
speed servomultipliers and a square-root 
function generator. 


New Wilson office opened 


Mr A. C. Wilson was the host at a recep- 
tion last month to mark the opening of 
a new design office at West Ealing. Lon- 
don. to cope with the rapid expansion 
of his firm of design engineers, A. C. 
Wilson & Partners Ltd. Accommodating 
about 100 engineers and draughtsmen 
in about 3,000 sq ft. the new office will 
relieve pressure on the firm’s’ head 
office Design House, The Mall. Ealing 
The West Ealing office will be primarily 
concerned with plant. civil. structural. 
petroleum and _ electrical engineering: 






atomic energy work will for the time 
remain mostly at Design House. Started 
only two years ago with two draughts- 
men, the firm has grown very rapidly 
and offers complete facilities from pro- 
ject design to construction supervision. 
It is associated with the Power-Gas Cor- 
poration Ltd. 


Schomandl instruments 


For the first time in Britain, demonstra- 
tions of the scope of the four principal 
Schomand] instruments were given last 
month at the Solartron Electronic 
Group’s Dorking laboratories by Herr 
H. M. Schmidt, technical director of 
Schomand| KG, Munich. The instru- 
ments, which have application in a 
number of fields, including nuclear re- 
search and development, were a standard 
frequency generating and measuring de- 
cade, a service frequency meter, a multi- 
pen frequency drift recorder and a stand 
frequency decade for microwaves. The 
Solartron Group is sales and _ service 
agent in the UK for these instruments. 


Nickel exhibition in Newcastle 


An exhibition to bring industry the 
latest information about the uses and 
developments of nickel. nickel alloys and 
related materials is to be held by the 
Mond Nickel Co Ltd at the Royal Station 
Hotel, Newcastle-on-Tyne. from Novem- 
ber 5-8. It will be open from 10 a.m. to 
7 p.m. each day. Numerous displays and 
working demonstrations are planned, to 
show corrosion resistance, surface pro- 
tection, high magnetic permeability. weld- 
ability, controlled expansion, and mech- 
anical properties at temperatures between 
900°C and sub-zero. Part of the exhibi- 
tion will be devoted to spheroidal graph- 
ite cast iron, and will feature specimens 
and mechanical strength tests. 


New transistor factory 


Semiconductors Ltd announce the con- 
struction of a specially designed factory 
on the Cheney Manor Estate, Swindon. 
solely for the production of transistors. 
Special air-conditioning equipment will 
regulate temperature, humidity and dust 
concentration in the main production 
areas, to ensure that the manufactured 
transistors will be free from impurities 
which could reduce reliability or cause 
deviation from the designed electrical 
characteristics. 

It is claimed that the Philco electro- 
chemical techniques to be used in manu- 
facture give unusually close control of 
tolerances and permit automatic control 
and transfer methods enabling the pro- 
duction of high performance transistors 
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DMTR Instrumentation 








Under completion at Ekco Electronics Ltd is this George Kent instrumentation 
panel for the Dounreay Materials Testing Reactor 





DMTR Switchboard 


Recently completed to the order of 
Laurence Scott and Electromoters Lr 
this switchboard has been supplied to 
Dounreay by Brookhirst Switchgear 
Ltd. It consists of an isolating and 
relay panel with twelve cubicles co:- 


taining equipment for operating 


control, safety and shut-off rods 








of outstanding reliability at a reasonable 
cost. 

Production at the new factory is ex- 
pected to start during 1958 with the 
manufacture of the high frequency Sur- 
face Barrier and Micro-Alloy types of 
transistors for military and other special- 
ist applications. 


Texas Instruments in Britain 

A new plant was opened in Bedford last 
month by Texas Instruments Ltd, for the 
manufacture of transistors and other 
semi-conductor devices and their sale 
throughout the sterling area. Housing a 
fully integrated production operation 
from ghe growing of crystals to the manu- 
facture of advanced transistors, the plant 
is the first Texas Instruments facility to 
be established outside the USA. Manag- 
ing director is Dudley Saward, former 
chief radar officer to the Commander in 
Chief, Bomber Command. For his war- 
time services in the development and 
application of radar navigational and 
blind bombing devices he was awarded 
the OBE. 


NIRNS contract for Sankey 


The magnet yoke, a major component of 
the 7000 MeV proton synchrotron being 
built for the National Institute for Re- 
search in Nuclear Science, has been 
awarded to Joseph Sankey & Sons Ltd. 
340 steel blocks will be needed for the 
yoke, each weighing 20 tons, at a total 
cost of over £1,250,000. The special steel 
required will be supplied by the Steel 
Company of Wales. Work on the con- 
struction of the accelerator has begun on 
a site adjacent to Harwell. 
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Forgemasters in Steel 

This is the title of English Steel Cor- 
poration’s latest film, previewed in Lon- 
don recently. In full colour with excel- 
lent commentary it briefly traces the his- 
tory of steel forging and goes on to ex- 
plain every step in the modern process 
of steel melting and teeming, the casting 





Shot from the new ESC film shows 
a 275 ton ingot entering a heat treat- 
ment furnace 


of large ingots and the subsequent forg- 
ing and testing. Of special interest is the 
sequence showing how a solid forged 
drum is made. The film was planned and 
shot by the ESC film unit and is one of 
the best industrial films we have seen. 
It may be borrowed by Technical Socie- 
ties, Schools, Colleges and other organ- 
izations from January 1, 1958. 


GEC at Danish Exhibition 


A full-sized model of a typical replace- 
able-channel fuel element by GEC 
formed part of the Danish AEC display 
at the International Electric and Atomic 
Exhibition in Copenhagen last month. 
Shown for the first time outside the UK, 
it illustrated the method by which each 
can is supported inside a separate graph- 


ite sleeve before loading into the reacior 
Also on the Danatom stand was a large 
coloured drawing of Hunterston, a sec- 
tioned scale model of the station was 
part of the display of GEC’s products 
and activities on the stand of the com- 
pany’s Danish agents, Louis Poulsen and 
Co A/S. An explanatory chart accom- 
panied the model, showing the principal 
components of the reactors and turbine 
hall, parts of which were cut away to 
show constructional details. 


The Bradwell story 


It was perhaps not clear from the posi- 
tioning of their advertisement in last 
month’s NUCLEAR POWER (p A33) that 
Murex Welding Processes Ltd are play- 
ing a very large part in ‘The Bradwell 
Story’. In fact Murex Fortrex 35A elec- 
trodes are being used for welding the 
pressure vessels being built by Whessoe 
Ltd, Darlington, for the Bradwell power 
station. 

The advertisements by Pantak Ltd and 
Whipp and Bourne Ltd on page A116 
should also have been included in ‘ The 
Bradwell Story *. 


Elliott-Automation Ltd formed 


The projected merger between Elliott 
Brothers (London) Ltd and Associated 
Automation Ltd (Companies, August) is 
now an accomplished fact, over 90 per 
cent of the shareholders in the two com- 
panies having accepted the offer by 
Elliott-Automation Ltd. This link forms 
what is claimed to be the largest auto- 
mation and instrumentation organization 
in Europe. Elliotts, whose history goes 
back to 1800, have for many years con- 
centrated on process control and other 
automation equipment, and are now 
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actively engaged in the nuclear energy 
programme, including the submarine 
Dreadnought, as well as guided missile 
and aviation work. Associated Automa- 
tion was formerly Hall Telephone Acces- 
sories Ltd and still manufactures some 
telephone ancillary apparatus, office 
machinery, etc. Recently it acquired 
James Gordon and Co Ltd, and then 
Electrolo Meters Co Ltd, a large pro- 
ducer of control equipment. The Group 
also owns the share capital of associated 
Insulation Products, Ltd. Chairman of 
Elliott-Automation is R. E. F. de Traf- 
ford, OBE, and managing director is 
Leon Bagrit. 


Marcoule contractor 


In the report from Marcoule featured in 
NUCLEAR POWER, September, there is an 
error in the list of contractors given on 
p 361. The company responsible for co- 
ordination and construction of Gl was 
given as Société Alsacienne de Construc- 
tions Mécaniques. We are now informed 
that it was in fact Société des Forges et 
Ateliers du Creusot. 


In brief 


Zirconium ingots, Zircaloy ingots and 
sponge metal in both reactor and com- 
mercial grades are currently being manu- 
factured and delivered by the Carborun- 
dum Company, Trafford Park, Manches- 
ter, 17. Welded or seamless zirconium 
tubes, sheet, strip, bar, rod, wire and foil 
can also be supplied. Ingots are produced 
from 500 to 2500lb each in 12in. and 
16in. diameters, and are claimed to meet 
the most exacting specifications. 


Southern Instruments computer division 
have appointed Elesco Electronics Ltd, 
2 Fitzroy Place, Glasgow, C3, as their 
exclusive agents for the whole of Scot- 
land. All computer division products will 
be handled by Elesco Electronics includ- 
ing the cathode ray polarograph and 
data reduction equipment. 


The name of Costain-John Brown Ltd, 
a wholly-owned subsidiary of John 
Brown & Company Ltd, has_ been 
changed to Constructors John Brown 
Ltd. 


NAMES IN 





COMPANIES 


Keith Blackman Ltd, announce the in- 
auguration of their new acoustic labora- 
tory at the company’s head office and 
works at Tottenham, London, N17, de- 
signed for the accurate study of indus- 
trial noise generation and its suppres- 
sion. 


Winston Electronics Ltd, Shepperton, 
Middlesex, have been appointed sole 
United Kingdom agents for a number 
of industrial electronic control instru- 
ments manufactured by Beckman In- 
struments GmbH, Munich, and Beckman 
Instruments Inc, Fullerton, California. 


New offices are to be opened by Klock- 
ner Moeller England Ltd at Guildhall 
Buildings. Navigation St, Birmingham, 2 
(Midland 2891) and 451 Durham Road. 
Low Fell, Gateshead-on-Tyne, 9, Co. 
Durham (Gateshead-on-Tyne 77035). 


Griffin & George Ltd, announce that 
the address of their sales office and 
warehouse for the Birmingham area is 
now Frederick St, Birmingham, 1 (Cen- 
tral 2552). Also, the telephone number 
of their Edinburgh office at Johnston 
Terrace is now Caledonian 4868. 


rae NEws 





Mr D. F. Grant has been appointed 
chief generation engineer (operation), 
North West, Merseyside and North 
Wales Division of the CEA. 

Sir Roy Dobson, a director of Hawker 
Siddeley Group Ltd, has been elected 
deputy chairman of The Brush Group 
Ltd. 


The CEA have appointed Mr A. 
Chorlton to be system design and de- 
velopment engineer at Authority Head- 
quarters. Mr Chorlton has been princi- 
pal assistant of the system design and 
development sub-branch at  Head- 
quarters since 1951. 


Electrical & Musical Industries Ltd 
have appointed Lt Col C. P. Dawnay a 
director of the company. 

Fielden Electronics Ltd recently made 
the following appointments: Mr A. R. 
Blanchard will be manager of the new 
Industrial Electronics Division, and Mr 
F. G. Totty, and Mr R. Shaw will be 
technical representatives for Yorkshire 
and East Lancashire respectively. 


Dr Arthur Charlesby is the first occu- 
pant of the new chair of Nuclear 
Physics recently set up at the Royal 
Military College of Science, Shrivenham. 
Professor Charlesby was previously the 
director of Tube Investments radiation 
laboratories at Hinxton Hall, Saffron 
Walden. 


Mr J. A. Shelton has been appointed 
sales engineer at Venner Electronics Ltd. 
Mr Shelton was previously with Aero- 
nautical Radio Services Ltd. 





NUCLEAK POWER NOVEMBER 1957 


Currently travelling in Expandite in- 
terests are Mr A. W. Morrison, director, 
and Mr J. O. de M. Hopper, overseas 
representative. 

Metropolitan-Vickers Electrical Co Ltd 
announce the appointment of Dr J. F. 
Shannon as_ chief engineer, gear 
engineering department. He takes over 
from Dr W. H. Darlington, who was 
formerly chief engineer, gas turbine and 
gear engineering departments and who 
is now chief engineer, gas turbine 
department. 

Mr Allen S. Clarke, president of Nems- 
Clarke Company, which became a Vitro 
division in September, has been elected 
to the Vitro Corporation of America 
board of directors. 


Semiconductors Ltd have appointed Dr 
James Reekie, chief engineer. For the 
last twelve years Dr Reekie has been in 
Canada, and has been responsible for 
many publications in the field of solid 
state physics. 


Managing director of Conveyancer Fork 
Trucks Ltd, Mr. C. W. Sharp, left Eng- 
land on October 22 for a three months 
world tour. 


OBITUARY 


The death occurred on September 17 of 
Mr J. H. C. Spinks, after thirty-seven 
years of service with Metropolitan- 
Vickers. Mr Spinks was an enthusiastic 
worker on committees of the British 
Standards Institution, British Electrical 
and Allied Manufacturers Association. 






Mr E. J. Turner, assistant secretary, 
general administration, CEA _head- 
quarters has been appointed secretary of 
the Central Electricity Generating 
Board. Mr Turner joined the electricity 
industry in 1948 when he was appointed 
secretary of the South Wales Division 
of the BEA. 





SIR ROY DOBSON 
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Advice to instrument industry 


Several million pounds worth of instru- 
ments will be needed to meet the 1960-5 
nuclear power programme, according to 
Sir John Cockcroft, 
AERE, Harwell 
would probably have automatic control 
reliability would be all- 
important, At present the weakest part 


Director of the 
The new power stations 


systems and 


of a reactor was its ‘ conventional ° com- 
ponents. Sir John said automatic control 
in atomic energy chemical plants was a 
rapidly growing field: continuous moni- 
automatic action would be 
Thermonuclear 


continued, would need compietely new 


toring and 
desirable. reactions, he 


instruments and measurement of elec- 
tron temperatures might use micro-wave 
or infra-red techniques. 

Another field mentioned by Sir John 
was that of survey and borehole logging 
equipment. Our 


good as the American’s he claimed, but 


instruments were as 


our overseas sales organization was 
notoriously bad. ‘ Why °. he asked, 


our manufacturers combine to hold stocks 


‘can't 


and services overseas ? 
Sir John was speaking to guests at the 
Scientific Associa 


Instrument Research 


tion, Chislehurst. where a_ week of 


‘open-days’ was held last month. One 
speaker 
guests each day after lunch 
John Cockcroft they included Dr T. EF 
Allibone, AEI Research 
Dr H. B. G. Casimir, Philips Eindhoven: 
Dr Maurice Ponte, Compagnie Générale 
de TSF; Prof S. Tolansky, London Uni 


versity 


distinguished addressed the 


besides Sir 


Laboratories: 


Among the exhibits on view in 
the laboratories were electromagnet and 
ultrasonic flowmeters and a new type of 
drift-corrected d.c. amplifier for the low 


millivolt region 


LDA new address 
As from October 1. 
the Lead Development 
that of 


promote the activities of the now dis- 


1957, the address of 
Association and 


its affiliated section, formed to 


solved Lead Sheet and Pipe Council 
is: 18 Adam Street, London. WC2. Tele- 
phone Whitehall 4175 

Radiation code at IC 

In view of the increasing use being 


made of radioactive material at Imperial 
College, a code of practice against radi 
ation hazards has been drawn up and 
has just been published. The committee 


on nuclear studies responsible for the 
code has on it seven I¢ 
cluding P. M. S 


werts, and J. G 


professors. in 
Blackett, P. V. Danck- 
Ball. metallurgy editor 
POWER. A part-time health 
physicist, Dr H. D. Evans, has been ap- 
pointed to visit college departments en- 


of NUCLEAR 


gaged in radioactive work and be avail- 


able in cases of emergency. Radioactive 
work must be registered, and if it in- 
materials above the millicurie 
level, one of the two referees in the 


volves 


college has to pass the proposed labora- 
tory arrangements. All students involved 
will have a special course of lectures on 
hazards at the beginning of each 
A number of detailed 
tions for the working 
down, and a thin-window GM 

must be available in 
active laboratory. The use of protective 
clothing is specified and the health of 
all workers will be the responsibility of 
the health physicist. 


NDT conference in Chicago 
Dr J 
Harwell 


session precau- 
area are laid 
counte:i 


monitor every 


assistant head of the 


metallurgy 


Thewlis, 
division will be a 
member of the British delegation to the 
International 
Non-Destructive Testing to be held in 


second Conference on 


Chicago in November. Sent by the 
British National Committee for Non- 
Destructive Testing. the delegation will 


be led by Dr L. 
the technical 


Mullins. 
advisory 


manager ol 
department of 
Kodak Ltd. The third member will be 
4 


tion of 


Bates. who represents the Institu- 
Production Engineers and who 
is technical director of Welding Super- 
vision Ltd. In addition to the delega- 


tion. a number of the visitors from 


Britain will be at the conference 


BIM to discuss atomic energy 


One of the sessions at the British Insti 
tute of Management's National Manage- 
ment Conference to be held in Bourne 
mouth from November 6-8 will be on 
ftomic energey—the management of «a 


Speaker will be Dr H 
manager at Springfields 


new industry 
Rogan, works 
with H. P. Barker. chairman and manag- 
ing director of Parkinson and Cowan 

Theme of the confer- 


ence will be Research 


Ltd. in the chair. 
a signpost to bet- 
fer management. In Britain more than 
any other country it is essential that a 
high level of research should be main 
tained. but still 


should be readily 


more that its results 
available to industry 
and applied without time lag. The con- 
ference will be opened by the Rt Hon 
the Viscount Monckton of Brenchley. a 
former Minister of Labour and National 
Application forms may be ob 


tained from the British Institute of Man 


Service 


igement. Management House, 80 Fetter 
lane, London. EC4 


Technical press praised by IEE 

At a time when specialization is becom 
ing increasingly prevalent and engineers 
tend to be more and more ignorant of 
work outside their own field. the techni- 
cal press plays a major réle in bridging 










the gap. This was stated by T. EI old- 
up CBE. newly elected president the 
Institution of Electrical Engineers, .» his 
inaugural address on October 3. © It js 
also to the technical press,” he wert on 
‘that we look for the broad and ji: telli- 
gent exchange of ideas and information 
and for the publication of the resuits of 
our individual work. I like to think of 
the technical press as complementary to 
the journals of the learned and profes- 
sional institutions, the whole constituting 
a shop front in which we can display our 


scientific wares, not only amongst our- 


selves but also to other scientists all over 
the world.’ 
Subject of 
the development of the valve industry 
in which he has been employed since 
joining Mullards in 1923. He was re 
sponsible for setting up the firm’s techni- 
cal service department. and later became 
Mullard Equipment Ltd 
joining the board of Mullard Ltd in 19S] 


Mr Goldup’s address was 


a director of 


Conference on theory of metals 
band 
metals and the structure of the 


A conference on the theory of 
Fermi 
held at 


surface will be Imperial 


College. London, on December 19 and 


20. 1957. Contributions will be from 
Harwell, Oxford. Cambridge. Leeds and 
Liverpool Universities. the NPL, Queen 
Mary College and Laboratoire de Chimie 
Physique, Both theoretical and 
experimental aspects of the subject will 
be covered in the four sessions. Enquiries 
Miss Miles at the 


Lowther 


Paris. 


should be sent to 
Physical Society. ! 


London, SW7 


Gardens 


Computer standards discussed 
Simplifying the field of computer equip 
ment through standardization is one ot 
the aims of the data processing section 
of the Radio Communication and Elec 
tronic Engineering Association which is 
now meeting regularly under the chai 
manship of Mr C. Metcalfe (EMI Elec 
tronics Ltd). Four working parties set up 
by the section’s technical sub-committee 
have already gone a considerable way 
towards the formulation of standards 
They are working closely with the Brit 
ish Standards Institution 

One working party has just completed 
the task of drawing up a chart for work 
on the many components and nomencla 
ture used in computer fields. Another is 
considering standards for tape and will 
have a specification ready to submit to 
the BSI before the end of 
cover both analogue and digital compu 


this year to 


ters. Production of specifications for an 
input keyboard and for a simple output 
device and information storage cores are 
also under study. 
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RESEARCH REPORTS 





United Kingdom 


The fo g reports have been made available to the 
public by the United Kingdom Atomic Energy Authority. 
They m e borrowed or photocopies obtained from the 
Science rary, London, Department of Industrial and 


once, Belfast, the Mitchell Library, Glasgow 
ntral Libraries at Acton, Birmingham, Bristo 
on-Hull, Leeds, Liverpool, Manchester 


pon-Tyne and Sheffield. They are also 
the Copyright Libraries (i.e. British 
niversity Library, Cambridge; Radcliffe 


brary, Oxford; National Library of Scotland 
ational Library of Wales, Aberystwyth) and 











nt nt Office Library. Reports marked * may be 

purchased from Her Majesty's Stationery Office 

Report e also available in the United States, from the 
SAE epository libraries, a list of which will be four 
NL AR SCIENCE ABSTRACTS. Reports for sale moy 
ef J in the United from ale 





AERE Harwell 

Removal of alpha activity from effluent. 
Some experiments on the use of tannic 
acid and lime. A. A. Smales, L. Airey 
(Dec. 1948. 7 pp) AERE C/R 289 Is 6d* 
Spectrophotometric studies of plutonium 
in nitric acid solution. Part 1. G. R. 
Hall, P. D. Herniman, A. J. Walter 
(May 1. 1951. 24 pp) AERE C/R 712 3s” 
Further experiments on the spontaneous 
fission rate of “4°Pu. F. R. Barclay et al 
(Jan 27. 1953. 3 pp) AERE N/R 1109 
Is 2d 

The thermogravimetry of some _ pluton- 
um compounds. J. AK. Dawson, R. M 
Elliott (June 8, 1953. 21 pp) AERE C_R 
1207 3s 3d 

The effect of high doses of ionizing 
radiations on organic high polymers. A 
Little (March 22. 1954. 8 pp) AEREI 
GP R 1402 Is 6d* 

A design for a structure for acceleration 
of protons from 150 to 600Me\ 
P. D. Dunn, D. J. Thompson (March 29. 
1957. 22 pp) AERE GP/R 2000 
Thermal diffusion plant for the enrich- 
ment of helium 3 from = atmospheric 


helium. Part 1. Experiments to deter- 





CE V f € IMechE ut 
E é IEE titu é 
IChemE t f e 
IP f Phy PS Phy ety. SCI 
IM titute f Me IMet 
IMM titut M 
IPE t F t E SIT 
y. BritlRE Brit 
NOVEMBER 
TUESDAY S 


LONDON ICE Presidential address by 
Sir Arthur Whitaker §.30 at The Institu- 
tion 

LONDON IEE Three papers on digital 


computers by M. V. Wilkes et al 5.30 
at The Institution 


THURSDAY 

GLASGOW IMechE Pressure vessel de 
sign Dr W. G. Carlson 7.30 at Royal 
College of Science and Technology 


FRIDAY 8 
LONDON IMechE with BNEC Vacu 
um techniques in the atomic energy 
industry H. Kronberger 6.00 at The 
Institution 
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mine the characteristics of the individual 
columns. R. W. Bowring (Feb, 1957. 
62 pp) AERE GP/R 2058 Part I 

The Harwell values of the 2200 m/sec 
neutron data for U-233, U-235 and 
Pu-239. P. A. Egelstaff (March 18. 1957. 
9 pp) AERE NP/R 2104 Is 9d 

The spectrochemical determination of 
lithium in Cornish china clay. E. H. 
Henderson, M. J. Owers, M. S. W. 
Webb (April 1957. 15 pp) AERE C/R 
2137 

Design of a 21 ft spectrograph using a 
plane grating. Part 2..The grating in 
parallel light. Theoretical considera- 
tions. E. W. T. Richards, A. R. Thomas, 
W. Weinstein (Jan. 1957. 14 pp) AERE 
C/R 2163 2s 6d* 

Effect of a straight section on particle 
dynamics in the proposed 6:5 GeV 
spiral-ridged synchroton. R. Taylor, W. 
Walkinshaw (Feb 14, 1957. 14° pp) 
AERE TP/R 2174 2s 6d* 

Fixation of activity in solid form by 
absorption on solids. Part 2. Final re- 
port. C. B. Amphlett, D. T. Warren 
(April 1957. 11 pp) AERE C/R 2202 
The widths and spacings of resonance 
levels: a review of the methods for the 
determination of _ their 
statistical properties. 4. M. Lane, J. E. 
Lynn (March 1957. 41 pp) AERE T/R 
2210 6s* 

Detection of plutonium by irradiation in 
the pile. H. A. C. McKay (June 9, 1949 
4 pp) AERE C/M 23 Is 2d* 

The fluoride-hydroxide, peroxide and 


eX perimental 


iodate cycles in the purification of plu- 
tonium. G. R. Hall, R. Hurst (Oct. 1950 
S pp) AERE C/M 88 Is 9d 

Solubilities of some plutonium com- 
pounds. J. K. Dawson (Nov. 1950. 4 pp) 
AERE C/M 92 Is? 


A relation between friction factors 
based on total and_ static pressures. 
D. V. Wordsworth (May 25, 1954. 7 pp) 
AERE ED/M 11 Is 6d* 

Lubrication in dry boxes. J. Sheldon 
(May 1957. 3 pp) AERE ES/M 21 

On the adiabatic self-constriction of an 
accelerated electron stream. J. D, Law- 
son (March 1957. 11 pp) AERE GP/M 
197 

The build-up of plutonium by irradia- 
tion. W. G. Davey (March. 1957, 13 pp) 
AERE R/M 118 

Azimuthal inhomogeneity in the strong- 
focusing bevatron. J. S. Bell May, 1953. 
8 pp) AERE T/M 79 Is 6d* 

Tests with mercury of a rotary flowmeter 
for liquid metals. J. A. Shercliff (May 
1957. 8 pp) AERE X/M 169 


Industrial Group 

The determination of the isotopic abun- 
dance of uranium by means of high- 
resolution 
struction and operation of a_ spectro- 
graph employing an echelle grating and 
photographic recording. R. P. Thorne 
(July. 1957. 6 pp) IGO R/CA-S6 

The determination of the isotopic abun- 
dance of uranium by means of high- 
resolution spectroscopy 2. The use of a 
“fixed = slit” 
system on an echelle grating spectro- 
graph. R. P. Thorne July. 1957. 9 pp) 
1GO R/CA-S7 

Flue charges in a thermal reactor under 
long-term irradiation. A. J. M. Hitch- 
cock, V. E. Price, J. Shenton (June, 1957. 
109 pp) IGR R/R-208 10s 

A code of practice for the handling of 
zirconium and its alloys F. B. Holt, 
S. G. Wilson (July, 1957. 9 pp) IGR 
TIN /S-S78 


spectroscopy. 1. The con- 


photo-electric recording 


PROGRAMME 





TUESDAY 12 

LINCOLN IMechE Nuclear Power 
7.15 at the Technical College 

WEDNESDAY 13 

LONDON IMechE Steam group Dis- 
cussion on steam conditions in relation 
to the size of units 6.45 at The Institu- 
tion 

WOLVERHAMPTON Brit IRE Cold 
cathode switching techniques J. Beesley 
7.15 at the Wolverhampton and Staf- 
fordshire College. Wulfruna St 


THURSDAY 14 

LEEDS IMechE The design of bolted 
flange joints of pressure vessels G. F. 
Lake and G. Boyd 6.30 University 
Chemistry Lecture Theatre 

LUTON IMechE Expansion in steel 
pipes with special reference to steel bel- 
lows V. Westerman at the Town Hall 
WEDNESDAY 20 

LONDON IEE Earthing of low- and 
medium-voltage distribution systems and 
equipment 54.30 at The Institution 


THURSDAY 21 
LONDON IMechE 


Hydraulic group 






discussion on instrumentation for the 
measurement of fluid pressure 6.45 at 
The Institution 

LONDON IEE Discussion on high-volt- 
age experiments opened by Prof E. Brad- 
shaw 6.00 at The Institution 


WEDNESDAY 27 

SHEFFIELD IMechE Problems and 
trends in pressure vessel design Prof 
J. P. Duncan 6.30 The University. St 
George's Square 

LONDON IP Symposium The design 
of physics research laboratories 2.30 at 
the Lecture Theatre of the Royal Insti- 
tution 


IHURSDAY 28 

LONDON IEE The digital computer 
applied to the design of large power 
transformers W. A. Sharpley, J. V. Old- 
field 5.30 at The Institution 


FRIDAY 29 

CHELTENHAM Brit IRE Automatic 
programming Dr P. M. Woodward 
7.00 at the North Gloucestershire Tech- 
nical College 
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PATENTS 








Thermonuclear reactor 
774,052 Method and device for the produc- 
tion of energy from exothermal chemical 
or nuclear reactions. Paul Schmidt. Appn: 
June 14, 1955. Pubd: May 1, 1957 
It has been known for 
very high temperatures 
by shock waves in an 
the inventor proposes to use them 
produce thermonuclear reactions. 
The substances that are to be made to 
react are brought into the centre of a 
hollow sphere filled with an elastic com- 
pressible medium. Spherical shock waves 
are produced periodically in quick suc- 
cession, the energy of which are thus 
focused on the reacting substance. On 
the attainment of a fusion reaction, the 
heat released is removed from the tank. 
In the version shown, the reacting sub- 
stance—e.g. hydrogen—enters a steel 
sphere | through a pipe 9 and leaves by 
pipe 11. The sphere is within another 


a long time that 
can be produced 
elastic medium: 
to 





” 
774,052 fusion is achieved by shock waves 


sphere 3 which contains a number of 
electromagnets 16. The space between 
the spheres is filled with a liquid 17 
which transmits the shock waves gener- 
ated by magnetostriction of the magnets. 
The reaction takes place at the centre of 
the sphere and the liquid in the annular 
space 17 acts as the heat transfer med- 
ium. It enters through pipes 31 and 
leaves through 32. Two other versions 
are described, one of which uses electro- 
static means for generating the sphere 
vibrations. With a sphere diameter of 
2 metres, the inventor claims that tem- 
peratures of the order of 10°—10° de- 
grees K could be obtained. 


Calder Hall 


781,648 Improvements in or relating to 
nuclear reactors. United Kingdom Atomic 
Energy Authority. (inventors: R. V. Moore, 
K. H. Dent and J. H. Bowen). Appn: July 
23, 1953. Pubd: Aug 21, 1957 


This is the basic patent for the PIPPA 
design study for a natural-uranium, gas- 
cooled graphite-moderated power reactor 
that later became Calder Hall. It appar- 
ently covers a core with vertical fuel 


s with the permission of the Controller of Her Majesty's Stationery Office ymplete 
W.C.2 





element channels arranged on a regular 
lattice in groups with a control rod in 
the centre of each group. The whole core 
is contained in a pressure vessel and 
access to the fuel and control rods is 
from above through standpipes. Heat 











781,648 separate support was planned 


exchanger and gas circulation systems 
are described in the specification, as is the 
burst slug detection system. 

An interesting point covered is the 
design of graphite blocks to permit Wig- 
ner growth at the same time maintaining 
the lattice geometry. As is well known, 
the final Calder Hall design was rather 
different in some respects from PIPPA. In 
particular the patent specification covers 
ledges in the graphite fuel channels for 
separate support of the fuel elements: 
at Calder this was abandoned in place of 
straightforward stacking. 


Filament exchange 


779,913 Apparatus for controlling gas 
pressure. Schlumberger Well Surveying 
Corporation, Texas. Appn: Dec 21, 1953 
(in America). Pubd: July 24, 1957 


This describes a method of controlling 
the pressure of hydrogen-type gases such 
as deuterium in low pressure chambers 
such as ion sources, accelerators, etc. 
Basically it comprises two filaments, pre- 
ferably of zirconium, one of which is 
initially saturated with the gas to be regu- 
lated, and the other substantially out- 
gassed. On heating to a certain prede- 
termined temperature, the first emits the 
gas, and the other absorbs it on heating. 
By suitable adjustment of these temper- 
atures, the desired pressure may be main- 
tained. 


Beryllium moderated 

782,888 Nuclear reactors. Deutsche Gold- 
und Silber-Scheideanstalt Vormals Roess- 
ler, Frankfurt (Main), Germany. Appn: 
May 11, 1955 (in Germany). Pubd: Sept 
11, 1957 

The inventors believe that many advan- 
tages are attached to using beryllium as 


t, London 3/6 a copy (including postage 


a moderator and separating the cool- 
ing ducts from the fuel to pass only 
through beryllium. It has been found 
that metallic contact may be made be- 
tween the fuel and the moderator and 
simultaneously to prevent penetration of 
fission products into the coolant. The 


beryllium is in the form of blocks, of 
between 10 and 100kg, preferably 
welded together. Thermal contact be- 
tween the moderator and the fuel can 
be produced by mechanical compression, 
shrinkage, by casting the liquified metal 
into cavities in the beryllium, or by in- 
terposing a metallic contact substance. 
To change the fuel, the whole beryl- 
lium block is removed. These are 
assembled from two parts, brazed to- 
gether, and can be separated with com- 
parative ease. Several shaped fuel 
elements, preferably in shapes of small 
specific surface, can be arranged within 
one beryllium block. 


Advanced concept 


772,404 Nuclear reactor. Varian Associ- 
ates, Palo Alto, California. Appn: Sept 2, 
1955. Pubd: April 10, 1957 


A combined reactor/turbinz is described 
which is claimed to provide a particularly 
compact layout for a power plant. The 
principle of the invention lies in a rotat- 
ing boiler mounted on a horizontal shaft 
and directly coupled to a steam turbine 
and alternator. A homogeneous mixture 
of fuel and moderator is supplied to the 
boiler—in shape an oblate spheroid, 
which is motored for start up. When not 
in use the fuel mixture is kept in a sump 
tank in which control rods keep it sub- 
critical. On introducing the fuel into the 
rotating boiler, the fissionable mixture 
is kept in the outer part of the boiler by 


pee ee 


We Ce 

















772,404 reactor itself rotates 


centrifugal force and as criticality is 
reached, the steam generated is led out 
from the centre of the boiler to the h.p. 
end of the steam turbine and so through 
a condenser back to the boiler, thus con- 
stituting a closed system. The system is 
claimed to be inherently safe in that a 
loss of water decreases criticality. 


specifications can be obtained 


niand and abroad) 
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Reactor Instrumentation by 


In every British reactor and in many overseas, instrumentation by Ekco 
Electronics plays an important part. 

At Sydney, Australia, where HIFAR—the first experimental reactor to be 
exported from Britain—is nearing completion, Ekco engineers are installing, 
testing and commissioning the complete nuclear instrumentation and control 
circuitry. In this country, Ekco are responsible for the complete nuclear 
instrumentation of the reactors under construction at Harwell and Dounreay, 
which will be the most powerful of their type in Western Europe. 











Ekco Electronics, pioneers in reactor in- 

4 * strumentation as in so many other fields, 
@—@ continue to lead in the development and 
CAS production of nuclear equipment for use in 
the fields of research, medicine and industry. 


SOUTHEND-ON-SEA ° Essex 


LIMITED 


EKCO 





ELECTRONICS 
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of NEWCASTLE 












Q D | 
| Turners have already produced o 
| 
— Public Relations and Prestige ee | 
‘mm Films, Staff Recruitmeni Films 
- Scientific Record Films, Industrial \ 
Films, Advertising Films and 
om | Documentary Films for oO 
= such firms as 3 
3 A. Reyrolle & Co. Ltd. Oo 
Central Electricity Authority Oo 
C. A. Parsons Lid. o \ 
The Expanded Metal Co. Ltd. \ 
Fibreglass Ltd. O 
South Durham Stee! & Iron Co. Ltd. x 


Oo 
co 
- 
o Cleveland Bridge & Engineering Co. Ltd. 
“a Express Dairy Co. (London) Ltd. 
aA Houseman & Thompson Ltd. 
The Royal Agricultural Society of England 
oO The North East Industrial & Development 


Association 


We will gladly 
upply further 


nformation on reques 


Camera House, Pink Lane, Newcastle upon Tyne. Tel: 2-5391. 


—— 
~ 
> eee 


‘— a] 












- . . THE WORLD OVER 


In this supersonic age, the men who test and fly the experi- 
mental jet aircraft of tomorrow are protected against gravitational 
pull, abnormal stresses and the rigours of rarefied atmospheres 


by scientifically-designed helmets, suits, boots and gloves. 


On the ground, men employed in guided missile development. 
atomic and nuclear projects, oil refineries, chemical, engineering, 
mining, building and other industries need equally reliable protec- 
tion against the hazards of their particular occupation. TIMEG 
who have specialised in this field for years, can meet all thet 
varying requirements exactly, efficiently and speedily from 
extensive stocks that are unsurpassed in quality and variety. In 
addition, TIMEG also supply a complete range of equipment for 


canteens and hostels. 


It pays to consult TIMEG before you make a final choice 
Write or ‘phone today for copies of their latest brochure and price 


list and see for yourself 


TIMEG LIMITED 


Specialists in the design and manufacture of 
Industrial Protective Clothing 


102 WARDOUR STREET, LONDON, W.1 


Telephone: GER. 1191-2 
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CLAY CROSS 


(IRON & FOUNDRIES) LIMITED 


MANUFACTURERS OF 


2" TO 66” DIAMETER 
CAST IRON PIPEWORK 


FOR THE COOLING WATER MAINS 
& CULVERTS BEING INSTALLED AT 


BRADWELL 


NUCLEAR POWER STATION 


* 


F: 
ee 


Artist's impression of Bradwell, Britain's first commercial nuclear power station 


CLAY CROSS - DERBYSHIRE 


TELEPHONE: CLAY CROSS 2151 : TELEGRAMS: JACKSON, CLAY CROSS 
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indispensable to you. 


contents include... 


FOREWORD by Lord Mills, Minister of 
Power 


9 REVIEW ARTICLES Current trends in 
applied atomic energy reviewed authorita- 
tively by experts in twelve outstanding 
articles 


3 WORLD AUTHORITIES History, organ- 
ization and programme of 50 national and 
international atomic energy bodies 


4 TECHNICAL DATA Nuclear constants, 
fission data and other useful information 


US and Canada $8 plus 50c 
other countries £3.3.0 plus 1/6 
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YOU GOT YOUR GOPY YET? 


This nuclear reference book has been 


acclaimed throughout the world as a MUST 
for all firms already in atomic energy, for 
all firms anxious to assess the great new 
potential markets opening up to them. In 
short, if atomic energy is or could be your 
business the Nuclear Power Year Book is 


ISOTOPES The most comprehensive table 
ever published, lists every known nuclide. 
Other articles cover whole field of isotope 
techniques 


COMPANY ADDRESSES Details of prac- 
tically every British firm working in nuclear 
energy 


BUYERS GUIDE Classified listing by pro- 
ducts of all that is manufactured by the 
British nuclear industry 


TRADE NAMES Products sold under 
registered titles 


WHO’S WHO Biographical details of the 
leading men in British nuclear energy 


OVER 500 PAGES 


PRIGE United Kingdom £2.2.0 plus 1/- for postage and packing 


ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, W.1, MUS 8252 









Editor: CISE 





Centro Informazioni 


Studi esperienze 


; itain: 
i for Great ” er 
Sole Agen Nucleat Power; 


Let FERRANTI take the 


stress on Pegasus 
at Portland Place 


The calculation of the stresses in any 
This photograph shows the high temp- 


: three-dimensional multi-anchor pipe 
erature steam piping for a Naval shore “ 
test installation. system is one of the many tasks 
Reproduced by courtesy of the Admiralty. performed in the Ferranti Computing 


Service. 


You have the pipes 


We do the work 





You get the answers 


LONDON COMPUTER CENTRE 


For further details of this pipe-stressing 21 PORTLAND PLACE, W.1. 
calculation or the Ferranti Computing Service 


Telephone: LANgham 921// 
phone or write :- 


Works: WEST GORTON - MANCHESTER 12 





sa aitianaoiittsesntssiannsnansasiinantaseans ainsi 4 


ocsi/2 





NUCLEAR POWER NOVEMBER 1957 








THAMES 





Y SHIFT 


GRATICULE 


SYNC/TRIG 
ei 


Z MOOD 


High performance ... wide applications... truly portable 


In the Solarscope CD 614 we have included 
all the valuable features of heavier and 
more expensive oscilloscopes, while 
producing a truly portable instrument at 
an economical price. It is particularly 
suited for radio communication, radar, 
TV and applications involving pulse 

work and transient investigations. 


BRIEF SPECIFICATION 
NOMINAL BANDWIDTH 
1 c/s—9 Mc/s + | Mc/s for 3 db down 
SENSITIVITY CALIBRATION 
By a 50 c.p.s. square wave 
EXPANSION 
10 diameters nominal 
CALIBRATION 


By 0-1 uS, IuS, and 10 pS markers + 5% 


TIME BASE 
10 c.p.s. — 200 Kc/s 
Trigger from TV frame block 


THE SOLARTRON ELECTRONIC GROUP LTD. 


DITTON SURREY TELEPHONE EMBerbrook 


$522 


CABLES SOLARTRON THAMES 





DITTON 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 

It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 
Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 





Write to D. H. EVERS, Industrial insurance consultant 
ONE ARUNDEL COURT ° JUBILEE PLACE ° LONDON ° s.w.3 
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FIELDING 
4,500 TON MULTI-RAM PLATE PRESS 


yung tL solve 
anothacS easing Vi soblem 


The ‘‘FIELDING’’ 4,500 tons, upstroking multi-ram, 
plate press designed for the Whessoe Company Limited, 
Darlington, is assisting Britain's race in the field of nuclear 
power. Shaping the heavy steel plates, required for the 
shell of giant reactor pressure vessels is only one of the 
applications to which this press can be applied. It will accept 
the largest plates manufactured by the British Steel Industry 
today and still has a substantial margin of power to meet 
future developments. 

This press is only one of the large range of special and 
standard equipment manufactured by Fielding’s; if you have 
a pressing problem your solution may lie with us. Our 
technical departments are always available to provide 
information and assistance. 





FIELDING & PLATT LIMITED ENGINEERS GLOUCESTER ENGLAND 
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SCINTILLATION PHOSPHORS 


introducing 


PLASTIC PHOSPHOR NE 102 


Our new plastic scintillator possesses extremely high light 
output (60/65% anthracene) and combines superior per- 
formance with greatest economy. Available in any shape up 
to 400 Ib. mass or in thin sheets for alpha and beta ray 
counting (bulletin 11). 


BORON POLYESTER PLASTIC SCINTILLATOR 
NE 400 and NE 401 


This new composition in the form of thin discs of various 
diameters, gives excellent efficiency for neutron counting 
combined with remarkable neutron to gamma response 
ratios (bulletin 13). 

Available with enriched boron (NE 401). 


OTHER NEW PRODUCTS 


@ Loaded liquid scintillators in bulk or encapsulated. containing Pb, 
Gd, B, or Cd, and scintillation gels for efficient internal counting 
of suspended materials (bulletins 9 and 9A) 


@ Scintillation chemicals P.B.D. POPOP, T.P.B. p-terphenyl, PPO, 
D.P.H. alpha-N.P.O., etc (bulletin 10). 


@ Light pipes of polyvinyitoluene and polystyrene. 


@ Non-blocking double-line linear pulse amplifier NE 5202 ( Fairstein 
type). 


BULLETIN 12 GIVES COMPLETE TABLE OF PHYSICAL CONSTANTS 
OF THESE AND OTHER SCINTILLATORS 


NUCLEAR ENTERPRISES 
(G.B.) LIMITED 


Bankhead Medway, Sighthill, Edinburgh 11, Scotland 
Telephone: CRAiglockhart 4513 


Associate Company : 
Nuclear Enterprises Ltd., 1750 Pembina Highway, Winnipeg, Canada 








Specify 
FRASER 
BOILERS 


Whatever the purpose 


If small capacities and lower pressures are 
required, specify the ‘* Fraser-Culmen "’ 
Vertical Boiler. (illustrated on right.) 














For low pressure Steam or Hot 
Water Boilers specify the ‘Fraser 
Radiant Heat"’ Boiler. Capacities 
up to 5 millions 
B.Th.U. per hour 
(llustrated below.) 
if pressurcs up to 500 Ib. p.s.i. and 
capacities up to 10,000 Ib. of steam 
per hour are required, specify the 
“*Fraser’’ Water Tube Boiler. 
(illustrated above.) 


Illustrated details sent on request 


Makers also of Class 2 
Welded Pressure Vessels 


FRASER & FRASER LTD. 


BROMLEY-BY-BOW LONDON, E.3 


Phone: ADVance 3266-9 
Grams: Pressure Easphone London 


BINDIN G bBibtebiiaeas.e, 





You often want to refer to 
NUCLEAR POWER... 


. . « these Easibinders will hold 


up to 6 copies of NUCLEAR POWER 


for quick and easy reference 


12 /E6 each plus |/6 postage and packing 


TO ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, 


Please supply 


NAME 


ADDRESS 


PRICE 12/6 BINDER, | ENCLOSE 





LONDON, WI 


Easibinders for NUCLEAR POWER 
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THERMAL INSULATION BY Hafele nts 







Newalls have carried out the 


thermal insulation contracts 






on many of the British Power 















Stations built since the war. 


CHAPELGROSS > 


As a result of this specialised 
experience, Newalls have been 
successful in obtaining very 

large thermal insulation contracts 
at Chapelcross, now being 
constructed under Britain’s 
Atomic Energy Development Plan. 


NEWALLS INSULATION GO. LTD. WASHINGTON . CO. DURHAM 
A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at: LONDON . GLASGOW . MANCHESTER . NEWCASTLE UPON TYNE 
BIRMINGHAM . BELFAST . BRISTOL & CARDIFF. Agents and Vendors in most markets abroad 
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Portrait 


f Suppliers to BRADWELL Nuclear Power Station 


a Welder — RYE HARBOUR 


At least, that’s how Dad sees 
him, because Dad’s a welder 
himself and wants young 


SUSSEX | 
Tel. : Rye 2362 
John to follow that craft LICHFIELD R¢ JAD 


when he grows up. 
BRANSTON 
the benefit of Dad’s experi- 


STAFFS 
ence. And one thing he’s 
sure to be told is to use S.I.F. Tel. : Barton-u-Needwood 286 
products in every welding 
job he does. “‘ There’s noth- 
ing to beat ’em,” says Dad. 


* There’s thirty-one differ- CENTRIFUGALLY SPUN PIPES and TUBES 
ent rods in the S.I.F. range Also manufacturers of 


and each one is a winner. ” 
MANHOLES, PIPE SPECIALS, LIGHTING 


So though he doesn’t re- | 
alise it now, young John is 
on to a good thing. He’ll get 


Reset tos corm COLUMNS, TUBULAR PILES and ALL 
FORMS OF PRECAST CONCRETE 
SUFFOLK IRON FOUNDRY (1920) LTD. Our Design Staff is at your service 





STOWMARKET, SUFFOLK. 








POROUS METAL 
PACK TYPE 


high pressure 
FILTERS 


FoR use in high pressure hydraulic systems, ELECTRONIC FLOWMETER 


in test rigs and similar applications, we 
manufacture a comprehensive range of first- 


as Filters for flowrate measurement and control 


The standard range comprises sizes from 





fractional to 2” bores, with caps. from 60 to High accuracy, low pressure drop 

2,000 g.p.h. and w.p. up to 6,000-Ib. p.s.i. Available for flow rates of from } gall/min. to 120 gall/min. 
Other sizes made to order. Fluid temperature up te 100° C—lower limit has not been estab- 
We seek your enquiries, and offer new lished but the equipment has been used satisfactorily with liquid 


oxygen (-183° C) 
Suitable for most (except highly corrosive) liquids 
Manual or automatic S.G. correction can be provided 


FIRTOP WORKS, STOKE HEATH, Automatic flow control can be achieved by using in conjunction 
BROMSGROVE, WORCS with a suitable servo amplifier and pump 


Tel: BROMSGROVE 3246/7/8 Write us concerning your particular requirements—our instrument 
engineer will be pleased to help you 


INTEGRAL LIMITED « BIRMINGHAM ROAD - WOLVERHAMPTON 





Catalogue in post. 


G.& A. FIRKINS LTD. / 


FIRTOP 
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WHO WANTS 


with all its attendant cost and dislocation. 









Yet it can easily happen. 
Better play safe and specify 


E.P.E. Flameproof Motors. 





Buxton certified of course. 


ELECTRICAL POWER ENGINEERING COMPANY (BIRMINGHAM) LIMITED 


















Bromford Lane, Birmingham, 8. Phone: STEchford 2261. Grams: Torque, Phone, Birmingham 


London Office: 421 Grand Buildings, Trafalgar Sq., London, W.C.2. Phone: Whitehall 5643 & 7963 











© 
PRESSURE FULLY 
DEVELOPMENT AUTOMATIC 
& FROM YOUR 
PRESSURE OWN AIR & 
TESTING LIQUID SUPPLY 


ivelopmeeotthe MAL RE YDROPUMP 
development of the 4 3 q 


ALSO AVAILABLE IN MANY OTHER DESIGNS FOR VARIOUS PRESSURES AND REQUIREMENTS Full Details on Application 
CHARLES 3 MADAM & GO. LTD. 
VORTEX WORKS BROADHEATH ALTRINCHAM, 


Phone: ALT 2702 (3 lines) Grams: VORTEX 
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May we invite your enquiries ? 





4 GRANGE ST. ST. ALBANS, HERTS 


accurate 


HIGH-PRECISION MACHINE -TOOLS 


TOOLROOM-RESEARCH 


PRODUCTION 


We specialise in Con- 
tinental High-Precision 
Machine-Tools and 
Measuring Equipment. 
Built by Swiss Craftsmen 
to the highest standards, 


our wide range covers:— 


* Lathes 

* Milling Machines 
* Drilling Machines 
* Grinders 

* Jig-Borers, etc. 


machine 
equipment 
limited 


Wuvervevevveveevinupver ve novel 


L 


Tel: ST. ALBANS 56731/2 


particle size analysis 


Vibration alone or hand shaking is not suffic 
accurate particle size analysis of materials. 
tion alone is more inclined to aggregate t 
ticles. The Inclyno Test Sieve Shaker ensures 
segregation of the various particles’ sizes 


shortest possible time having a double movement 


of gyrating and jolting the test material. 


The Inclyno Test Sieve Shaker is an 
essential unit for all laboratories and 
is standard equipment in many govern- 
ment laboratories, nationalized indus- 
tries and industry in general. 


Operated by a fractional h.p. motor 
and supplied complete with automatic 
time switch covering test periods up 
to 60 minutes. Models available for 
all sizes of standard test sieves. 


INCLYNO 


Write or telephone 
Crawley 25166 
List IN 32/1 


THE PASCALL 
GATWICK ROA 











i f 
ient for : - 


Vibra- 
he par- 
perfect 
in the 





TEST SIEVE SHAKER 


ENGINEERING CO. LTD 
D - CRAWLEY - SUSSEX 





























on site 


mobile teams and equipment providing 
metal polishing 
welding — metal spraying 


shot blasting services 





Enquiries invited for Atomic Energy Development Sites 


send for brochure to 


STAINLESS EQUIPMENT CO. 
(METAL FINISHERS) LTD 
72, De Beauvoir Crescent, 


LONDON, N.1. 


(M.O.S. approved) Telephone: Clissold 4141, Bishopsgate 070 





FELAYS 
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POST OFFICE TYPE 
3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards. 
Prompt Deliveries. Prototypes 7 to 10 days. 


Manufacturers to H.M. Government Departments and leading Contractors 
L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDKX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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HEAD WRIGHTSON & CO. LTD. 
NUCLEAR POWER DIVISION 


The above Company, at present engaged 
on the Nuclear Power Station being 
built at Bradwell-on-Sea, is recruiting 
draughtsmen with Chemical or General 
Engineering experience. Opportunities 
will arise in the future for those showing 


initiative and having the necessary qualifi- 
cations to be up-graded to engineers status. 
Excellent working conditions in new 
offices at the pleasant country town of 
Yarm-on-Tees. Assistance in housing 
and house purchase. 


Applications stating age, qualifications, experience and salary required should be made to : 


The Personnel Manager, Ref. N.P 3 


Teesdale Iron Works, Thornaby-on- Tees 








WE 
| 





























se . s 
3 A Special Unit constructed by 
oe 
a 
a us for the U.K.A.E.A. 
6,° 
2) 
re We have had extensive experience in 
oe 
ie the manufacture of many 
i engineering products such as 
B FLOWMETERS +: FUEL PUMPS 
: JET CALIBRATING MACHINES 
FUEL FILTERS FLAP VALVES 
FLAME TRAPS - GAS INJECTORS 
FUEL PRESSURE REGULATORS 
. Now added to this List is Equipment for the U.K.A.E.A 
ctors 
px. Enquiries to: 
20W Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 
4110 
A 1957 NUCLEAR POWER NOVEMBER 1957 aés 



































































CLASSIFIED ADVERTISEMENTS 


RATES Classified advertisements are charged at 4s. per line Semi-display setting £2 per single-column inch. 5°, is allowed 
to trade advertisers for six insertions. 10°, for 12 consecutive insertions. Box numbers wil! be charged Is. extra 


REMITTANCES Cheques and postal orders should be sent to Rowse Muir Publications Ltd with the order for the advertisement 
PRESS DAY Advertisements must be received not later than November 14 for the December issue 
TERMS All advertisements are strictly net and must be prepaid 


HEAD OFFICE All advertisements should be addressed ‘' Classified Advertising,"” NUCLEAR POWER, 3 Percy Street, London, W! 
BOX OFFICE REPLIES NUCLEAR POWER, 3 Percy Street, London, WI] 





— 
SITUATIONS VACANT PLESSEY NUCLEONICS LTD have 
nae : , . a vacancy fora MATHEMATICIAN 
WLECTRONIC ENGINEER with good to analyse problems concerning the cor 
“ qualifications urgently required for \ SENIOR DEVELOPMENT trol and operation of nuclear reactors 
interesting and progressive position on : ee ee ae ' , 
Maintenance and Development at our ENGINEER oe ent yong 
Laboratories. The work is varied and will application ot onniien tes 1 aa I pa 
include service of electron microscopes for work on 4 variety of siaiicme. meng eayroone - 
and development of new circuits, main- : ae se ; pe A ncrgggae 
tenance of telecommunications and NUCLEAR ee See ae saeties, de 
sion theory. shielding calculations n 


rinter equipment, oscillographs. and de- : ; : ‘gee: 
diemuneal of circuitry for +» radiate INSTRUMENTATION picer dg a complex variable or s 
on pulses. Must be of good personality : pi 

(For the Berkeley Power This post offers considerable scope f 
original work for which a generous salary 
is envisaged, depending upon qualitica 


Five-day week. Superannuation scheme 


Reactors and several Research 
Good starting salary for the right man 


sala tion and experience. Please send ful 
Apply W. WYKEHAM & CO. LTD Reactors) eitieuinn ’ alt ts cal 
17-19 Cockspur Street, London, SW.1 particulars. which will be treated in con 
fidence. to the Chief Engineer. Plesse\ 
is required by Nucleonics Ltd. Weedon Road. Ni 
ampton. 


SUNVIC CONTROLS 


MITED 
REACTOR OPERATING ul 

TECHNICIANS The Company is at present 
providing instruments for the 


canta an then 
required at the BERKELEY Power Reactor 


ATOMIC ENERGY RESEARCH and several research reactors GENERAL 
ESTABLISHMENT, HARWELL, and the successful applicant wnat - 
will be concerned with this de- RADIOLOGICAL LTD 


to assist an Engineer Control 


Officer in operating reactors and velopment and will be required NUCLEAR POWER 
- to participate in field trials 


associated experimental equip ' ; : TA’ ; 
ment on shift. Apprenticeship or This g vay will bg fe et SI ATION 
equivalent training and experi ee INSTRUMENTATION 


Slectric: -noinee > who 
ence of operating or maintaining a E — pment iy - 
S > . c > > > > r 
power or chemical plants. or of iave had good experience on ; ; : 
process control and industrial in electronic instruments — for Owing to the Company's 


: . : . nuclear work. [The appoint . 7 Sieg 
strumentation required ment will carry the responsi expansion in this field, 
SALARY: £875—£1,050 bility for leading a small team engineers are required 

(Tech II) of development engineers con- 

cerned with the detailed circuit for the following posts : 
Housing superannuation and design of electronic instru- 
excellent conditions ments for nuclear reactors. in- Se Devel nt E v 
cluding the construction and senior evelopment Engineers 


Send POST CARD for applica- 
tion form and _ details 


RECRUITMENT § (920Y/215) 


for circuit investigations and de- 
sign of electronic equipment 
Applicants should be familiar 


testing of experimental equip 
ment up to the prototype stage 


oO 


\.E.R.E Harwell Didcot The Company's policy is to with Pulse Amplifiers, D.¢ 
Berks provide every facility for de- Amplifiers, Radiation Measure 
velopment work, and _ indivi- ments, etc., and to be able to 

dual conditions include: carry out development to pro 

duction stage. A Science/Eng 

Fully commensurate salary Degree or AMIEE preferred 


and pension rights; but engineers not having these 

(PPORTUNITY on the Sales side of Housing for rental or house qualifications will be con 
the rapidly expanding Electronics purchase assistance sidered. 

Industry for progressive man with some 


: sagt We shall be pleased to dis- Design Draughtsmen to carry 
knowledge of Physics or Chemistry. After i ye 1 ae ee 2 
; i ; cuss this appointment on an in out the mechanical design ot 
a period of training applicants will be ; et ; ; : ‘ a ‘Yeo 
silane’ ‘ formal basis. and in absolute electronic instruments and 
employed to contact Hospitals, Univer- : , ‘ ; ; 
sii. Weskenes tateeeiienion baat tasks confidence. with all suitably other equipment associated with 
te pleeseeeneg Bigeye os wcll se Mygcte 4 qualified applicants. the above programme. 
trial concerns to discuss electronic appli- 
cations. The post will have the backing For further particulars All posts — porEaen and 
of widely experienced technical staff please apply to:—Personnel — and ae cng 
; Officer. SUNVIC CONTROLS ee Soe oar ore 
Applicants should have good personality [Ti Slestew Eecex. (Tel tails of qualifications and ex 
and address Write, giving details of Harlow 24231.) perience to the Chief Engineer 
education, experience, age and salary re- , i ll Nucleonics Division, General 
quired. to Ekco’ Electronics Ltd Radiological Ltd. 15/18 Clip 


Southend-on-Sea stone Street, London. WI 
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M! LLARD LIMITED require a Tech- 
«" nical Commercial Engineer to speci- 
alize instrumentation for nuclear and 
allied ‘ields. Initially the work will in- 
clude liaison with user laboratories. 
formulation of development specifications 
and new product evaluation. The work 
covers a new field of activity and offers 
excellent opportunities to the right man 


Apply to the Personnel Officer. Mullard 
House. Torrington Place. London. WC1 


RADIOLOGICAL PROTECTION 
\ SERVICE (Ministry of Health and 
Medical Research Council). Clifton Ave- 

nue. Belmont, Sutton, Surrey, require: 


|. Physicist. with bias towards theor- 
etical work, for work on scattering. 
ibsorption. and measurement of 
onizing radiations. Opportunities 
for experimental research. Experi- 
ence and interest mathematical 
physics necessary 


2. Physicist to develop equipment for 
measuring ionizing radiations and 
radioisotopes. Experience or inter- 
ests in electronics preferred. 


3}. Physicist to assist with radiation 
monitoring services for external 
ionizing radiations and for radia- 
tion surveys of specific groups of 
workers 


4. Physicist to assist in developing 
more accurate techniques for asses- 
sing amounts of radiation received 
by workers 


Physicist to assist studies miscella- 
neous radiation protection prob- 
lems, e.g.. X-rays from television 


sets 


Applicants for all posts should hold good 
honours degrees in physics or equivalents. 
Salary (according to age and experience) 
at point in range £930-£1.480 per annum 
(post 1) and £780-£1.130 (other posts). 


Superannuation provision—after one year 
for newly qualified graduates; immedi- 
ately for others. Child allowances. Appli- 
cations (full details academic and subse- 
quent careers, and names two professional 
referees) to Director of Service, from 
whom further details may be obtained. 


THE NUCLEAR POWER 
PLANT COMPANY 
LIMITED 
require 
COMMISSIONING 
ENGINEERS 
The above Company is about 
to engage a limited number of 
Senior Engineers to form the 
nucleus of a team to plan and 
direct the commissioning of 
complete Nuclear Power Sta- 
tions, the first of these being at 
Bradwell, Essex. The positions 
offered will be of interest to 
Engineers who are eager to 
take part in the forward plan- 
ning and efficient execution of 

major Engineering projects. 
Experienced Engineers, wishing 
to have further details, are in- 
vited to write. giving details of 
qualifications and experience 
to 

THE SECRETARY. 

THE NUCLEAR POWER 
PLANT CO. LTD.. 
BooTHs HALL. KNUTSFORD. 
CHESHIRE. 

Quoting reference NP CMS 21 


A E.L.-JOHN THOMPSON NUCLEAR 
“"* ENERGY CO LIMITED, Rad- 
broke Hall. Knutsford. Cheshire 


SENIOR ENGINEER. A vacancy exists 
for an Engineer experienced in Power 
station design and construction, with par- 
ticular reference to the technical co- 
ordination of complete projects. He will 
be required to take charge of independent 
design office staffs either in this country 
or overseas. A knowledge of construc- 
tion planning is essential. 


[he Company is prepared to assist with 
house purchase where necessary. A con- 
tributory pension scheme is in operation. 
Applications giving details of age. ex- 
perience and qualifications, which will be 
treated in strict confidence. should be 
addressed to the Chief Engineer, quoting 
reference “J.R.M.S.”. 


SUB-CONTRACTING 





(CAPACI rY AVAILABLE for Plate and 
“ Sheet Metal Fabrication, General 
Machining and Erection, Special Machines 
and Prototypes to Customers’ designs 
Hobbs, Hart and Co Ltd (Telephone 
Leytonstone 1034) 


SF TlONAI BUILDINGS _ recondi- 

tioned and guaranteed. for site huts. 
accommodation, storage. etc. Smith Sec- 
tions, Maud’s Elm. Cheltenham. Tele- 
phone 56016 


‘NAST F.DP. S¥FAINLESS SFEEL, 
GLOBE GATE & CHECK VALVES 
600 Ib. WP., flanged ends. Full particulars 
upon application. Write to Foster 
Wheeler Ltd.. Foster Wheeler House. 5 
Ixworth Place, London, S.W.5 


[NITRIC ATE PROTOTYPE WORK, 

jig boring. grinding, etc. Quick de- 
livery, A.I.D. Write for plant list, Porter 
Prototype Engineering Co.. Augusta St. 
Birmingham, 18. 





PUBLICATIONS 





THE NUCLEAR POWER’ YEAR 

BOOK and BUYERS GUIDE - 
the indispensable reference work — is 
now available. Copies can be ordered, 
U.K.: price 42/- plus 1/- postage and 
packing. Overseas: price 63/- plus 1/6 
postage and packing. US, Canada: price 
$8 plus 50c postage and packing, from 
Rowse Muir Publications Ltd. 3 Percy 
Street, London, W1 


BEXTRA COPIES of DATA SHEETS 

and REACTOR DRAWINGS pub- 
lished in NUCLEAR POWER can be 
obtained price 6d. each and reprints of 
the large full colour (36” X 24”) Berkeley, 
Bradwell, Dounreay and RWE Supple- 
ments. 2/- each post free from Rowse 
Muir Publications Ltd, 3 Percy Street. 
London, W1 











ROUND and HEXAGON BAR 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Stee! 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 


PROFILES CUT TO ANY THICKNESS OR SIZE 
CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Deliver) 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 


Farfac Works, Kings Grove, MAIDENHEAD. ‘phone 1522 23. 
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NUCLEAR POWER 
RESEARCH 


Howden are supplying the research Leboratories of the 
Central Electricity Authority with a blower for circulating 
compressed carbon dioxide, to be used in investigations 


connected with nuclear power plant development. 


This blower is capable of developing a pressure rise of 
145 lb. per sq. in. with a maximum inlet pressure of 200 lb. 


per sq. in. at 200°C. 


Howden were the first to supply blowers - cooling 


atomic piles, anil are confident that they can meet any 


requirement in nuclear engineering, 


HOWDEN 


Specialists in the design and manufacture of equipment for 





MOVING OR COMPRESSING AIR AND GASES 
TRANSFERRING HEAT FROM ONE FLUID TO ANOTHER 
CLEANING AIR AND GASES 


JAMES HOWDEN & COMPANY LIMITED 


195 SCOTLAND STREET, GLASGOW, C.5 and 15 GROSVENOR PLACE, LONDON, S.W.| 
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REMOTE HANDLING EQUIPMENT 


FOR RADIOACTIVE AND TOXIC MATERIALS 


SAVAGE AND PARSONS LIMITED 














